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Preface 


^953 hoJdmg one or more conferences on be 

havior and evolution was presented simultaneously to the Amen 
can Psychological Association and the Society for the Study of 
Evolution Officers of these organizations approved joint sponsor 
ship and each appointed a committee 

For the American Psychological Association Frank Beach, Harry 
Harlow, Henry Nissen. and Anne Roe, Chairman 
For the Society for the Study of Evolution Afarston Bates Don 
aid Griffin, Alfred S Romer, and George Gaylord Simpson, Chair 
man 

The two committees met together as a Joint Steering Committee 
under the chairmanship of Dr Roe and proceeded to formulate a 
concrete plan and to issue invitations These preliminaries svere 
supported by a grant from the Rockefeller Foundation of New 
York. A first conference, financed by a grant from the Nauonal 
Science Foundation, svas held at Arden House, Hamman, New 
York, on April 4 to 8, 1955 The aim was primarily exploratory 
to see svhether there svas enough community of interest and enough 
pertinent, communicable information to make further joint study 
profitable Specific subjects, which they uere asked to present at 
length, but informally, were assigned to a number of conlerees 
Others were invited as discussants The consensus at the close of 
the conference was that the interdisciplinary reaction had been 
substantial and profitable It was voted to hold a second conference 
for the explicit purpose of producing a publishable symposium 
The second conference, ako supported by a grant from the 
National Saence Foundation, was held at the Nassau Tavern, 
Pnnceton, New Jersey, April 30 to May 5, 1956 Most of the par 
ttcipants had aJso attended the Brst conference, but there ii^as some 
change in personnel consonant with the change m purpose For the 
second conference participants were asked to present advance 
drafts of formal papers on assigned topics Copies were sent to 
all members before the conference At the conference, each author 
presented the gist of his paper in a few minutes and most of the 
time sm devoted to general discussion of each contribution, with 
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In kecent years great progress lias been made m the study of 
behavior and in the study of evolution Much less, however, has 
been done m fields simultaneously involving both subjects The 
evolutionary study of behavior and the behavioral study of evolu 
tion, although not wholly neglected, have comparatively little 
literature and few tnumphs It is true that the label "evolutionary ' 
has been attached to a number of studies in comparative psychol 
ogy, but all too often a student of biological (other than psycholog 
ical) evolution found this to be a misnomer Use of evolutional 
theory and concepts m such work was frequently naive or badly 
outdated, when it was not downright wrong On the other hand 
many students of evolution were no less ignorant or inept in han 
dlmg the behavioral psychological elements that even they realized 
must enter into the history of life and the mechanisms of evolution 
The generally accepted modern theory of evolution is called syn 
Iheiic, ' but comparative psychology has been an element not yet 
fully incorporated in the synthesis Realization of these shoncom 
mgs and a hope to do something about them led to organization of 
the conferences mentioned in the preface and so eventually to the 
book now before you 

Wlien plans for this symposium were first being made, a promi 
nent place was given (o the topic ‘ Review of theories of behai lor ” 
The students of behavior quickly objected There are, they said, no 
theories of behavior There arc theories, or, at least, formal gen 
erahrations, about particular categories of behavior, such as the 
theory of imprinting (Numerous other examples are given in Part 
in ) But as to theories in a broader sense, which might apply to and 
unify the whole field of behavioral studies, they were said simply 
not to exut One or two possible candidates, such as general systems 
theory, were proposed and were recognized as valuable and stimu 
latmg but were not accepted as being literally theories of behavior 
No one could be found who was willing to review the topic of 
thcones of behavior, and few would admit that the topic has real 
substance m the present state of the science 

Exactly the same reaction might have occurred if there had been 
proposed a ‘ Review of theories of morphology ’ In fact it is so 
univenally accepted as not to need explicit statement that the 
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theory of morphology rs s.mply cvoluuon, 

com.tants such as homology, analogy, adaptisc 

CTcssion, and so on It should by nosv be equally obvious that there 

« indeed a general theory oEbehaviorandtliat the theory is, again. 

evolution, to ]ust the same extent and in almost exactly the same 
svays in which evolution is the genera! theory of morphology To 
make the relationship more obvious and to demonstrate that mor 
phology, physiology and behavior are aspects of organisms all 
inseparably involved in and explained by the universal fact of 
evolution became a principal object of this symposium 
A symposium on so vast a subject is necessarily a sampling and 
not an over all review Explicit and m some cases even quite narrow 
topics must be selected, and economy demands that each be treated 
but once The symposial attack permits assignment of cadi topic 
to an expert, but it follows that the point of view shifts svith each 
chapter It is useful that there should be a sampling of attitudes 
and approaches, as well as a sampling of subject matter A sympo- 
sium is a mosaic, but a mosaic is (or can be) a picture and not a 
casual assortment of tiles "While admitting that not all Uie svanted 
tiles were available for this particular picture, and that its frame 
would not admit all that might have been used we do maintain 
that there is a picture, and that its composition is modem and ong 
mal to an extent that the reader will judge 
Achievement of a thorough synthesis of bcha\jor and evolution 
or a clear statement of the evolution of behavior is not accom 


plished here and is not possible now The aims have had to be more 
modest to show that the synthesis is desirable and is eventually 
possible, to expound the cleracnis in each pemncnl discipline 
that may be applicable m other fields, to review present status in 
such a way as to provide basis and stimulus for future construction 
Part I is provided by students of the history of life The most 
widely current general theory of evolution is summarued and 
histoncal examples with behavioral aspects and implications arc 
given. The evolution of behavior must depend on the nsc and his- 
tory of mechanisms that initiate and mediate behavior In Part II 
students of such structural and physiological mechanisms review 
present knowledge of some of the most important of them Be 
havioT, Itself what it is descnptively and how its different aspects 
may be explained and interrelated through evolution is the very 
heart of the book s theme The subject is enormously too intricate 
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for iliii or any other one volume, but in Part III it is rather thor- 
oughly exemplified by seven highly divenc contributions from 
specialists in comparative behavior, ranging from psychologists to 
systematists. If the zoologists have things to say about evolution to 
psychologists, they arc also increasingly aware that comparative 
psydrology is equally pertinent to zoology. Tliey have questions to 
ask and applications to make, as three zoologists demonstrate in 
Part IV. Without depreciating <x)mparative studies for their own 
sake, most o! us must feet that the highest aim of evolutionary 
psychology is to provide a historical basis for and explanation of 
human ps^'chology. Such applicability is shosm in Part V, with 
some emphasis on the fact that in our unique species biological 
evolution has led into a tvhole new array of mechanisms, those of 
human cultures, which evolve in their osvn svay and extend the 
processes of biological adaptation. Finally, a summary and, it is 
hoped, unifying commentary on the whole subject is provided in 
the last chapter. 



Part One 


The Study of Evolution and Its Record 


There is the theory of evolution and tliere are 
theories of evolution The theory of evolution is the 
f^ct — It may surely be called "fact ‘ in the vernacular 
—that all the organisms that now live or ever lived, 
all they are and all they do, are the outcome of 
genetic descent and modification from a remote 
simple, unified beginning Theories of evolution, 
taking the reality of evolution as given, seek to ex 
plain how this almost incredible diversification and 
complication have come about Many such theories 
have been proposed, and a generation ago there 
seemed so htcle reason to choose among some of 
them, so much to say against any one of them, that 
the nonpartisan student could feel only confusion 
or despair Now one theory has emerged that is 
judged superior and, as far as it yet goes virtually 
irrefutable according to a large consensus 
That theory is outlined, about as briefly as pos 
sible, m Chapter i Another point there made is that 
many studies of evolution can be categonrcd as 
involving either events or processes, and some refer 
ence ts made to methods of KConstructutg histortcol 
sequences of events. Direct evidence is overwhelm 
ingly morphological, and the student is compelled to 
use inference and extrapolation if he is to correlate 
the morphological data with their behavioral con 
comitants Chapter s demonstrates by means of 
several striking, concrete examples that such corre 
lation can be accomplished 

In Chapter 3 both comparative and direaly his- 
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torical data are used to reconstruct, in broad out- 
line, the long phylogenetic sequence from an early 
invertebrate metazoan to man. This ts done simulta- 
neously in terms of behavior and of correlated 
morphology. Behavioral factors of tlie sort called 
"clcmcniar* or "first order" in Chapter i , especially 
in locomotion hut also in feeding and in reproduc- 
tion, are shovm to be crucial in the whole historical 
sequence. TTie history here outlined must, in turn, 
be basic in any evolutionary understanding of the 
behavior of recent animals, including man. 
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The Study of Evolulum; Methods and Piesmt 
Status of Theory 


George Gaylord Simpson 


THE AMEllCAN MUSEUM t>t NAT1IXA2. NMTORr 
AND COlVuaiA VNtYttSITr NEW YOIK 


iNTROOUCrrON 

Samuel Butler said that a hen is an eggs way of producing 
another egg Thus in the Darrvmian epoch he foreshadowed a 
reorientation of evolutionary studies that did later occur Without 
expressing it m that ^vay, the evolutionary scientists of Butler’s and 
earlier times held the common sense vietv that an egg is a hen s way 
of producing another hen They tvere trying to explain the cvolu 
tion of the hen, not of the egg It was the geneticists after 1900 
who came around to Butlers view that the essence of the matter is 
m the egg not in the hen ‘ 

Those contrasting pomes of view reflect different ideas as to the 
involvement of behavior in evolution The ipth-century evolution 
ary theories of the naturalists were largely, if not primarily be 
havioral The behavioral element tended at first to be minimized 
m the soth-century evolutionary theories of the geneticists who 
might m some cases be accused of leaving the hen out of the picture 
altogether except as a means of learning what the egg knows 
The first great issue in naturalistic evolutionary theory was be 
tween the neo Lamarckians and the Dan«nians (There were and 
are nonnaturalistic alternative schools such as those of vitalism or 

1 Wjthoul ind«d any real debt to Dutler That an egg »m«how knows 
how to produce a hen and tho* prodata another egg ibat knows just a JjhIc 
more seems hrlUiantly apt In retrospect Bot like other flashes of Butlers pecaUnT 
genius this bit of Insight was so embedded la nonsense that it was not really 
helpful at the Jlme and had no useful outcome 
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of finalism. but their metaphysics can legitimately be omitted from 
this briel account) Laraarch. himself, stressed behavior almost to 
the pomt of considering it the sole effective cause of evolution It is, 
he taught, the habitual actions of organisms— in other words, their 
behavior— that modify their morphology, and these modifications 
accumulated through the generations are evolution It is true that 
Lamarck also believed in a perfecting principle that somehow has 
driven organisms up the scale naturae^ but the neo-L,amarckians 
discarded that essentially nonnaturahstic element in his theory 
The neo Lamarckians also incorporated into their views the accu 
mulation o£ direct results o£ the action o£ the environment on 
organisms a hypothesis that is non Lamarckian and nonbehavioral 
Danvin s theory of evolution was hardly less behavioral than 
Lamarcks Danvin saw no reason to question the Lamarckian be 
lieE m the direct influence oE behavior on e\olution, through the 
induction oEhentable modifications Danvin s own mam contnbu 


lion the theory o£ natural selection, also involved essential relation 
ships between behavior and evolution He saw and illustrated with 
many examples that the behavior o£ animals is often determined 
and always arcumscnbed by their heredity, although he knew 
e\ en less Aan w e do about the mechanisms involved 'Ilie behavior 
o£ animals is also obviously and crucially involved m their survival 
and success in reproduaion Thus natural selcrtion provides an 
other way, less direct but truer than the supposed Lamarckian way, 
in which behavior is bound in ivith the changes in heredity that 
constitute evolution 

Few now doubt that the Lamarckian and neo-Lamarckian views 
are essentially £abe, and we need pay no further attention to them 
here The point is that Lamarck, Darwin and their many col 
leagues and followers were all pnmanly interested m the behaving 
animal, the hen rather than in the egg which has no behavior m 
usual senses o£ the word and that one o£ the things they sought and 
stressed was a relationship between behavior and evolution It is a 
pity, in a way. that we cannot accept a direct and simple relation 
ship but Darwin pointed out a relationship that is surely present, 

in ^me degree, and that is all the more effeaive for being indirect 
and o 


“ 'he egg by the geneticists 
In extreme form their s lesss practically 
hminatri behasior as an essential element in esoliition What a 
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hen IS and does depends on the that is, on the mechanism of 
heredity complete wiUiin the fertiliied egg Evolutionary changes 
in the hen. so some of the early geneticists submitted and a disin 
dling few still hold, arise wiUiout any prior relationship to the hen 
and Its behavior Evolution is reduced to processes m the precursor 
cells of the gametes and m the confluence of gametes in the fertilized 
egg (zygote) The hen (the man, the tree) is largely irreles-ant ex 
cept, as Butler said, as a device for producing another egg 

most widely held modem theory of evolution may he pre- 
sented as a reconahation bemeen tha naturalists’ 
and the geneticists’ egg evolution It reinsutes behavior not merely 
as someLng to svhtch evolution has happened 
that 15 Itself one of the essential detenu, nants of 
me the geneticists’ hnowledge of egg processes, it shosvs that these 
am not lutonomous but ate strongly influenced by 
¥Se means of that influence is, as Daisv.n diought, 
non In the course of thu theoretical synthesis natural 
lirtumefout to be some.hing broader than and in some respecn 
different from Danvin s concept * 

METHODS OF Evolutionary Study 

The topic ass, sued for thischapterrequ-so^^^ 
ods before proceedmg to sumraam P ,hat a 

ary theory Methods „ Oiose svho are using 

catalogue of them irou „ „„ 

n.em, confusing “ J* „ 3,„,d detail and to present 

fulness in eitlicr case It mil tie die ways of achieving 

only a few broad considemtmm ^ “ Xd m thofe ways 

tliem, and ° of evolutionary study msobe 

In the fltst place, mos d ^ historical, it OTbs 

either events P™'“ of organisms on this planet. ’That 

to reconstruct the who , pXdied by accumulation of 

(unattainable) goal IS of _ -c articular groups of organisms, 

restricted studies of the u P j f„turcs, and the hie "nic 

winun Klertien luU *«nd>. bu^^u 
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ential placing o£ the units of descnption in phylogenetic sequences, 
and finally, generalizations as to the kinds of sequences that have 
most frequently occurred and the conditions that accompany and 
therefore may determine a particular kind of sequence 

The objective data for historical study, the things described at 
the first level of research, are charactenslics of (i) organisms or parts 
thereof, (2) their activities, (3) the conditions surrounding and in 
fiuencing them, and (4) the temporal sequence of the items ob- 
served * It IS espeaally pertinent to the subject of this book that all 
four kinds of ^ta are only very exceptionally available in any one 
study There are m this respect two quite different cases, each with 
Its distinct methodological problems A temporal sequence long 
enough to involve marked evolutionary change usually extends 
into geological time, and the organisms involved are, or include, 
fossils Then the documents are directly histoncal in nature, but 
their data are pnmarily of classes (1), mainly morphological, and 
(4), sequential Observations of class (5), environmental, are lim 
ited and more often involve inferences than direct observation 
Direct observations of class (2), including behavior, are almost 
entirely lacking < Morphological evolution of, for instance, a bone 
m the lower jaw of a group of reptiles can sometimes be observed 
without the slightest ambiguity in a directly historical record Be 
havioral evolution cannot be so observed Inferences as to behavior 
can be based on the morphology of fossils and analogy with livmg 
animals That can, for instance, usually be done for food habits 
and locomotion, but such possible inferences include little beyond 
vvhat might be called elemental or first-order behavior For ex 
ample, practically all of the habitual or possible movements of a 
bird may be inferred from its fossilized skeleton, and those move 
ments are the elements from which the bird’s total behavior was 
necessarily compounded But it would be impossible to infer just 
what senes of movements occurred m courtship, an example of 
compound or second-order behavior The evolution of first-order 


but ifl! V * tcquencc fa rarely directly observed 

Stol ^ “ * a that u may be conZdered an objective 

numeroui examples o! what may be called 
. .t r 'ven animals to- 

or tiro rath i * P*ttuniion or copulation Nevenheless I know of only one 

-»>.evo,„uo„ o=b^v.» 
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beliavior n important and interesting, and we have some good ex 
amples documented by the fossil record such as the evolution of 
locomotion m the horse family Nevertheless, the evolution of 
second-order behavior is even more important and more interest 
mg, and this is quite properly the principal preoccupation of the 
evolutionary psy^ologwt In that field the fossil record is of almost 
no direct (although it is of some indirect) help 
In the second mam sort of historical study ilie documents are 
essentially contemporaneous If the organisms under study are dead 
(fossils, the usual taxonomic collections of recent organisms, speci 
mens for post mortem dissection) the limitations are even greater 
than for fossil sequences, and data for the study of behavioral evolu 
non arc fetv, indeed If, however, the subjects of study are living, 
data of classes (i), (2), and (3) are freely available Tins is the source 
of practically all of our observational information on behavior 
That is almost too obvious to require statement, but the point to 
be emphasized u that such in/ormation is tn ttself completely non 
historical, it includes no data of class (4) Almost all students agree 
with that statement when it is made, but many of them do not 
really keep it m mind in their oivn work In comparative anatomy 
some such sequence as dogfish frog-cat man 1$ still frequently taught 
as "evolutionary," i e historical In fact the anatomical differences 
among those oiganisms are in large pan ecologically and behavior 
ally determined, are divergent and not sequential, and do not in 
any useful sense form a historical senes The same objection applies 
with perhaps even greater force to studies of behavior which state 
or assume an evolutionary (histoncal) sequence in for instance, 
comparison of an insect * ( invertebrate level ), a rat " ( primitive 
mammalian level"), and a man 

The three mam bases for inference from contemporaneous data 
to historical sequence arc well known (i) Related lineages often 
ei'oJve more or Jess in paraJW but some faster than others, at any 
one time, then, the contemporaneous representatives of the various 
lineages may form a series that approximates the historical se- 

5 Apart from the point that there are hundreda oS thousands of different kin^ 
of inserts with almost incredibly diverse behavior patterns and hundreds of kinds 
of rats with much less but still froporunl behavioral differences In the conferences 
oa which this symposium is based the natunOists present repeatedly had occasion 
to call attention to the absurdity of speaking of “the lasect " the rat, or the 
monlcey- in studies of behavior ar »f itee were only one insect, rat or monkey 
or as if all inserts rats or monkeys behaved alike 
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quence leading to the more advanced members of the group. (2) 
Certain historical trends (e.g. from smaller to larger sue from 
simpler to more complex behavior) are so frequent or logical that 
they may he assumed to have occurred in a given case. (3) Charac- 
teristics shared by contemporaneous organisms are likely to have 
been present in their common ancestry. There is no reason to doubt 
that methods based on these principles, long used in comparative 
anatomy, are equally pertinent for the historical study of behavior. 
There are, however, many pitfalls in these methods, and these are 
probably (at least in the present state of the subject) even more 
serious for behavioral studies than they have proved to be for mor- 
phological studies. Problems and precautions cannot be further 
discussed here than to indicate the general nature of a few of the 
more serious in each category, (i) Divergence is more common than 
parallelism, and a contemporaneous series may not at all resemble 
an ancestral sequence; different characteristics commonly evolve at 
different rates so that the animal most primitive in one respect may 
be most advanced in another; truly ancestral stages are liable to 
complete replacement and are frequently totally unrepresented at 


the present time. (2) No trends have been universal and compara- 
tively few are established as usual; trends may go in either direc- 
tion, or both tvays from the middle, and data without an objective 
time factor provide no directional signpost; any array of data can be 
arranged in a lo^cal sequence, but if the data are contemporaneous 
the logical sequence may have no relationship to a true historical 
sequence. (3) Parallelbra and convergence in evolution have been 
extremely common and they produce resemblances not present in a 
common ^^tor; homoplasy is, therefore, widespread and is diffi- 
cult to distinguish from homology, especially when, as in most 
studies of behavior, dirert historical evidence is lacking. 

“nie second mam class of evolutionary studies involves processes 
^ j events. Study of a process necessarily in- 

cludes study of the mechanism that performs it; joint study of 
genetic mechanisms and processes is an example more or less 
familiar to evp,onc with any inteimt in biology or evolution. The 
methods are for the most pan experimental, and it is really not 

am riAW ot the present chapter, and they 

are nchly exemplified m other chapters of this book It is perhaps 
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well just to point out that there is no natural, deep cleavage be 
tween the study of events and that of processes, or between the 
observauonal methods charactenstic of the former and the expen 
mental methods usual rn the latter Both sorts of methods are used 
to some extent in both fields, and the two can sometimes hardly be 
distinguished Processes can to some extent be inferred from the 
historical record, and prior events he implicitly behind existing 
processes The importance and long range effects of processes esub 
hshed by experimentation are best judged in the light of the his 
loncal record Alternative possible interpretations of historical se 
quences must be judged by compatibility with known processes 

Elements of the Synthetic Theory 
OF Evolution 

Among students of evolution the world around there are still 
nco Lamarckians, old line Darwinians, vitalists, finalists, ortho- 
geneticists, hologenetiasts, mutationists, even spiritualists not to 
mention theories so particular to certain individuals that they 
hardly fall into an ism All those now heterodox views are interest 
mg, and many of them have points of emphasis, at least, that still 
should be kept in mind Nevertheless, in a brief review of the pres 
ent status of evolutionary theory it is now possible and proper to 
concentrate on a single school of theory No one would maintain 
either that this theory is complete or that it is correct m all details 
An overwhelming majonty of students really familiar with the 
evidence do maintain that the theory has a sound basis and is prov 
mg most fertile m increasing understanding of the tremendously 
intricate course and process of evolution This strong consensus, 
if not near unanimity, is a comparauvely recent development. 
The name here preferred is the synthetic theory,* so^alled because 
It IS a new synthesis from all fields of biology and not the offspring 
exclusively of any one of the numerous preceding theories Works 

6 Numerouj other tags haw been appUed apeaaJly n«> Darwinian became 
of the large role assigned to natural Klectton in the theoty But "nco-Darwmian” 

In this application is misleading on two Important counu. First natural selection 
{Itself no longer purely Darwinian) fa bene synthesiod with equally Important 
factots unknown to Darwin and eren Jn strong contradiction with his slews, 
espeoally on heredity Second, the label neoDarwmun histoncally belongs to a 
school that was literally neo Darwinian quite disUnet from the present lynthetlc 
theory and only one of the several fortnmoen fneorporaced in the synthesis 
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cited at the end o£ this chapter consider various aspKts oE the 
thetic theory in more detail, and several o£ them discuss and give 
references to various alternative theones not considered hwe. 

Genetic Mechanisms. The medium of evolution, the thing 
which the processes of evolution occur and h^ce the thing that is 
actually evolving, is a population. A population, in this sense, is a 
group of organisms, similar among themselves and dissimilar from 
other organisms with which they live, descended from a not remote 
common ancestry, living in the same general region and envi^- 
ment, and with a continuity of many generations through time. The 
inclusiveness of the term is vague and necessarily variable. At its 
least inclusive it is synonymous with the deme or local population 
of the biogeographers and systematists or (in a biparental popula- 
tion) the so^iallcd MendeUan population of the geneticists- At its 
most inclusive it is practically synonymous with the species of most 
modem students. In the usual case of biparental organisms, the 
population is also characterized and unified by interbreeding 
among its actively sexual members. In the less common case of 
uniparental (asexual, apomictic, etc.) organisms, the unity of the 
population is still real but is looser and the evolutionary mecha- 
nisms are simpler but less flexible and potent. 

The characteristics of any individual organism within a popula- 
tion are determined by interaction of its heredity with its environ- 
ment, in the broadest sense, as the organism develops and, to less 
extent, thereafter as long as it lives. Heredity may be determined 
in part by the nature and organization of directly inherited cyto- 
plasm (in metazoans mostly or entirely maternal, in the egg) and 
sometimes by extranuclcar bodies (plastids in plants, etc.), but to 
far greater degree it is determined by the chromosomes in the 
nucleus. Chromosomes are differentiated longitudinally, and the 
irreducible (or at least experimentally unreduced) units of that 
differentiation are called genes. Different genes have different ef- 
fects (necessarily, in practice, because the genes are dbtinguishable 
or recognizable in no other way), but the whole chromosomal com- 
plement acts and interacts, and it b that complement as a complex 
unit that IS the iMin determinant of heredity. It may be considered 
as setting a reaaion range, sometimes rigidly narrow and sometimes 
very broad, within which the chaiacterbtics of the developing or- 
^um must he. The characterbtics actually arising at one point or 
another of the reaction range, for instance the exact size of an 
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organism when the range permits much variation in sue, depend 
for the most part on environmental influences during develop- 
ment ^ 

The population as a whole has characteristics likewise deter 
mined by the interaction of the genetic mechanism and of the 
environment Its total genetic structure at any one time usually 
depends almost entirely on the kinds and combinations of chromo 
somes and genes present and their relative frequencies Continuity 
of the population depends on the processes of reproduction in 
winch sets of chromosomes are passed on from parent to offspring 
In asexual reproduction the parental set (generally double) is 
simply passed on, usually unchanged In sexual, biparental repro 
duction two homologous sets (each usually single) are received one 
from each parent Then there is reduction of a parental double set 
to a single set in the gamete, and this imolvcs the mechanism of 
meiosis, with two concomitants of special importance for evolution 
(i) the single chromosome set of the gamete is a random assortment 
from each of the two sets of the parent, and (a) occasional crossing 
over from one homologous parental chromosome to the other pro 
duces different combinations of genes in the chromosomes received 
by die offspring Fusion of gametes into a zygote brings together sets 
of homologous chromosomes from different sources TTiat factor 
means that the combinstians actually realized nill be influenced 
by breeding structure and habits m the population The extent to 
which breeding is random or promiscuous monogamous, poljg 
amous, etc., becomes important and aboie all any influence 
which makes individuals with certain genetic characteristics more 
likely than others to have offspring Also important is the likelihood 
of hybridization between different populations or, much less com 
monly, different species 

Changes in characteristics induced by changing environmental 
influences on identical genetic reaction ranges are not heritable 
Such changes may affect evolution quite indirccil), but they cannot 
m themsehes constitute secular evolutionary change True evolu 
nonary change involves changes m the genetics of the population, 
which are almost always changes rn the relative frequencies of the 
various kinds of genes and of chromosomes and of their combma 
tions In sexual, biparental populations constant changes m indi 
vidual combinations are guaranteed by the mechanisms already 
mennoned random assortment of chromosomes and crossing over 
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in tneiosn. and bipaTental ongin oE chromosomes Thee inay bub 
as nill be seen, usually do not in themselves bring about changes in 
lelame Erequencies in the population as a sshole 

The mechanisms hitherto mentioned make for consunt and 
radial indis idual rearrangements of genetic factors already present 
m any biparental population The appearance of nets factors in 
both biparental and uniparental populations is due to mutations 
sshich, broadly speaking include changes in the numbers of chro- 
mosomes, m the internal structure of chromosomes (other than by 
Simple crossing o\er), and in genes It is the past occurrence o 
mutauons that guarantees that homologous chromosomes rarely 
ha\e exactly the same forms (alleles) of homologous genes and 
often are structurally different (have, for instance, the genes ar- 
ranged in different sequence) Occurrence of nets mutations, un 
less counteracted in \anous wa^s, further tends slosvly but steadily 
to change the genetics of a population 
Random Processes and EtoluUon It isan cxtiaordmarj fact that 
most of the processes inherent in the genetic mechanism of csolu 
tion occur at random It must be understood that the ssord "ran 


dom ’ m this connecuon (and, indeed, etymologically) docs not 
mean that all of a number of possible outcomes are equally prob- 
able- It means that the results of the processes arc not onented 
toward some end external to the processes themseU es In e\olution 
the reles'ant end is the adaptedness of the population as a whole. 
Its capacity to conlmue through future generations within an as’ail 
able em ironment The random genetic processes are those that are 
not inherently adapiue for the population Assortment of chro- 
mosomes m meiosis does seem normally to be random not only in 
this sense but also in the fullest possible sense that all corabmations 
are about equally probable Crossing oter, as it affects association 
of any n\o genes, has probabilities almost directly proportional to 
the distance (along the chromosome) bets\een the genes, but still is 
random as regards adaptation For reasons yet unknown, different 
genes mutate at quite different rates and mutations of a gi\ en gene 
to (or from) different alleles also base deadedly different rates, so 
that possible gene mutations— and the same is true also of chro- 


mosome mutations— base very dnerse probabilities, but these 
proves are still random by the pertment definmon of that word 
reproduction is usually not entirely ran 
dom, a fact to be stressed m the next section, but it may be at least 
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approximately so Here randomness involves likelihood that par 
enis of given genetic types occurring with given frequencies in the 
population tend to produce ofispring m about the same fre- 
quencies, or, ivhat comes to the same thing that reJauvely higher 
production of offspring is not significantly correlated with genetic 
factors in the parents 

16 reproduction is random, in combination with tlie inherently 
random processes m meiosis, there is no statistical tendency for 
change in frequencies of genetic factors within a population, in 
other words there is no tendency for directional evolutionary 
change to occur That is the so-called Hardy Weinberg law, the 
maUiemattcal expression and derivation of which are given in most 
textbooks of genetics Eien if mutation is taken into account, there 
IS a point of equilibrium where a given mutation is balanced by 
back mutation and random loss (see below) and there is no (or no 
further) tendency toivard evolutionary change in the population 
Thus the random genetic processes, all together, do not tend sta 
tistically to produce evolution That statement applies equally to 
sexual populations with mutation, meiosis, and fertilization and 
to asexual populations with mutation and mitosis, only 
Although the random processes noted do not tend systematically 
to change the mean frequenaes of genetic facton m a population 
those frequencies through the generations do tend to Huctuate 
around the mean Populations of organisms are of course always 
finite, and each generation is m effect a sample draivn from the 
long range total population of all generations or from the purely 
tlieoretical infinite population of statistical estimation The geneti 
cal constitution of each generation is thus subject to statistical 
sampling error, which is its departure from the mean of the long 
range or infinite population Such departures or statistical sampling 
errors also occur, and may be quite radical, when a new area is 
populated by a few xndividualsspreadingfroma larger population 
elsewhere, or when for any reason a segment of a large population 
becomes reproductively isolated from the rest of that population 
Sampling errors are larger the smaller the population In v'cry 
large populations they are so small as to be negligible, at least in 


7 Because of doubts or cquivocaUon « » the prec«e inesuungs of random in 
application to tliese various ptocessM they are sometimes called “itochasric. App^ 
ptiatc definition may nevertheless be as readily made for random ai for sto- 
chastic;” 
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comparison with effects o£ selection (below), but they are never 

reduced to zero in populations of finite size. 

Under the influence of random sampling enor, commonly called 
"genetic drift” in this connection, the frequency of a given chromo- 
some number or arrangement or of a given gene allele may in- 
crease, even to loo per cent, or decrease, even to zero. Evolution has 
then obviously occurred, and as far as now known this is the only 
process by which random (unorienled with respect to adaptatiori) 
evolution can occur. That it does occur, for instance in the coloni- 
zation of an oceanic island from a mainland, is beyond any ques- 
tion. How commonly it occurs and how important it is in the over- 
all picture of evolution are still strongly disputed questions. The 
present consensus seems to be that it is rather common but that its 
importance in long evolutionary sequences or radical evolution- 
ary transformations is largely, or almost completely, overshadowed 
by the nonrandom effects of selection. One special case of com- 
pletely demonstrated reality has evidently played an important 
role in the divenification of plants, at least, on lower taxonomic 
levels. Polyploid mutants or hybrids, with increased (usually 
doubled) numbers of chromosomes, may be unable to breed back 
with a parental stock. If they do survive and increase to become 
populations, they are thus genetically distinct samples isolated 
forthwith from their ancestral populations.® 

Oriented Processes and Adaptation. Thus the usual random 
processes of the genetic mechanism tend to produce either no evo- 
lutionary changes at all or changes that are sampling errors and that 
are nonadaptive or, so to speak, only accidentally adaptive. Yet it 
is perfectly clear that evolution does occur and that it is, to say the 
least, often adaptive and not entirely random. It was often urged 
against Danvin and, with more basis, against De Vries and other 
early geneticists who assigned too exclusive a role to mutation that 
evolution cannot have occurred "by accident.” The fairly obvious 
amwer, which svas in fact already emphasized and soundly estab- 
lished^ by Danvin, is that the adaptive orientation of evolution 
must involve the one genetic process that is not necessarily or, as a 
^tter of conclusive observation, usually random: reproduction. 
If reproduction is diflerentUl. if there is a correlation between dis- 
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unctive genetic factors m the parents and their relauvely greater 
success in reproduction then there will be an increase in the fre 
quencies of those genetic factors (and combinations of them) 
within the population from one generation to another Evolution 
will occur, and It will be oriented not random That, in brief and 
shorn of numerous complications, is the modern concept of natural 
selection Natural selection, as defined, is known really to exist and 
to be effective, both by obser\ation m nature and by expenmenta 
tion No other nonrandom genetic factor has been objectively 
demonstrated, c\en though several have been postulated (eg 
Lamarckian influence of use or disuse, nonrandom mutation, in 
herent tendency — whatever that may mean — to progress toward a 
goal) Most students now believe that this only demonstrably real 
nonrandom process is also suflicient to account for all the observed 
nonrandom events m the course of evolution Proving sufBciency 
amounts to proving a negative, which is generally deemed impossi 
ble, but sufficiency is the stand of the synthetic theory, and the 
burden of proof would seem to lie with its (now few) opponents 
Reproductive success may be comparatively simple m asexual 
organisms It often amounts only to this a genetic difference arises 
by mutation there is direct competition between mutant and non 
mutant forms, members of one group or the other survive more 
often to reproduce, and the less successful group eventually dis 
appean Even there complications are ignored, and m biparental 
populations the matter becomes highly intricate (i) Male and fe 
male must occur m proximity or roust find each other (2) In many, 
especially the more complex, ammab they must be sexually accept 
able to each other and must mate (3) Fertilization must occur 
(4) The gametes must be genetically compauble (5) Normal em 
bryological development must occur (6) Offspring must survive to 
breeding age and become successful reproducers in their turn 
Relatively greater or less success may occur at any one of these 
stages and at substages withm them, and selection depends on the 
total outcome 

Darwin was aware of the selective possibilities of all the listed 
stages but he stressed (6) above all others and some of his follow 
ers did so almost to the exclusion of any others Thus Darwinian 
natural selection was based mainly on differential mortality, and 
the Darwinians and neo-Darwimans hardly grasped the whole 
process as one of differential reproduction Danvm also devoted 
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much attention to stage (a) as involving sexual selection, which 
he distinguished from natural selection. j i, * 

Until quite recently it was generally implied or assumed that 
selection always favors individual survival or, more in the spirit 
of the modem theory, individual success in reproduction, Norv 
it is evident that selection favors successful reproduction of the 
population and not necessarily of any or of all particular indi- 
viduals within it. A striking, although rather exceptional, ex- 
ample of that fact is provided by the social insects, among which 
only a very small fraction actually reproduce although their suc- 
cess in reproduction is completely dependent on the nonreproduc- 
ing individuals. Of more general import is the recently accumulat- 
ing evidence that the most successful populations usually have 
considerable genetic heterogeneity and much heterozygosity in in- 
dividuals. But that favored characteristic of a population can be 
maintained only at the expense of constantly producing a certain 
proportion of definitely inferior, less heterozygous individuals. 

A central problem of evolutionary theory has always been the 
explanation of adaptation, and the synthetic theory maintains (as 
did Danvin, but with a different understanding of the mechanism) 
that adaptation is a result of natural selection. But it also demon- 
strates that natural selection always favors reproductive success 
of a population, and nothing else. It might be suitable to redefine 
adaptation as such reproductive success, but some confusion might 
arise from the fact that most of the characteristics generally con- 
sidered adaptive seem to be so in the old Dar^vinian sense of pro- 
moting survival of the individual and seem to have little or nothing 


to do with population reproduction per se. The anomaly is only 
apparent, howe\'cr, for clearly reproductive success of the popula- 
tion involves all phases of Individual life cycles and will incompara- 
bly more often than not be favored by individual adaptation to 
the environment. Such adaptation will therefore almost always be 
favored by natural selection. Nevertheless the possibility remains 
at sc ection, as here defined, could favor population reproduc- 
expense of individual adaptation. We have already 
not^ thai It docs so. indeed, in the cases of homoz>'gous individuals 
in hci^tic populations. It has also been variously claimed that 
a tnay become so specialized for reproductive ends, for cx- 
nm . competition, as to 

o e population at a disadvantage in competition with 
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other species The reality or importance of such possible phe- 
nomena are not, however, clearly established 
An aspect of the syntheuc theory espeaally pertinent here is 
that It again brings in behavior as a central element It not only 
points the way to evolutionary, historical explanauons of existing 
behavior patterns but also mvolves behavior as one of the factors 
that produce or guide evolution Some phases of selection, as in 
zygote and embryo, are not directly behavioral, but aspects of 
breeding, care of young and subsequent survival arc pre eminently 
SO and are obviously crucial elements m selection 

Some Historical Generalizations an© Principles 

Those, in brief, are the most essential features of the mechanisms 
and processes now believed to underlie the phenomena of evolu 
tion An understanding of comparative behavior, or otlier bio- 
logical aspects of our contemporary world, further mvolves con 
sideration of what those phenomena have, m fact, been, of hosv 
the processes have worked out in the prodigious history of life 
A review of the vast body of information and theory on this subject 
IS of course beyond the present scope There are, however, certain 
generalizations and pnnctples that stand out from that record and 
that can be particularly useful in any reconstruction of behavioral 
(or other) evolution Just a few of the most important of these 
will be mentioned 

Irrevocabtlity, Oppartuntsm, and Transformation From a cer 
tain point of view all study and knowledge of nature can be di 
vided into processes, immanent and changeless characteristics of 
the universe, and configurations that result from those processes, 
transient and historically cumulative states of the univene The 
difference is that between gravity, a timeless structural feature of 
our world, and a falling stone, acted on by gravity but determined 
as to time, place, and condition by the whole previous history of 
the matter m the scone. The configuration of the living, as of any 
other, world depends from instant to instant on its last previous 
configuration and on how the immanent processes, the ' Ians” of 
nature, tend to act on any given configuration Involved is htston 
cal causation, which includes everytlimg that has ever happened 
and which is tlms an inherently nonrepcatablc accumulation 

In application to evolution, those rather abstract considerations 
mean that the actual course of evolution is detennmed not only 
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by its processes but also by the cumulative total oE alt previous 
events It £ollo\\s that evolution is irrevocable. That 
to be about as near to a true law as anything in the realm oi biology) 
has tsvo major corollaries. One is the famous doctrine oE the irre- 
versibility oE evolution. No organism, no population, no com- 
munity returns precisely to any antecedent structure or state. A 
gross but impressive example: v.halcs are descended from fishes, 
they have returned to the svatcr and resumed the ecological status 
o£ fishes; but they have not again become fishes, and every sys- 
tem, organ, tissue, or cell of a inhale is radically distinct from that 
o£ any fish that is or ever was. The other corollary oE irrevoca- 
bility is that the effects of pres'ious conditions are never SNholly 
lost. A svhale, again, carries not only in general but also in detail 
dosm to the last cell unmistakable clfccis of its ancestors’ sojourn 


on the land.® 

As each configuration is derised from the last, and from all 
previous ones, each can only be a modification oE or an addition 
to what s\-as already there. This gives evolution an opportunistic 
aspect. Changes take place on the basis oE the previous condition 
and not as a wholly new construction most efficiently adapted to 
new conditions. Early fishes had lungs. In many later fishes the pre- 
existing lungs evolved into hydrostatic organs, which, in spite 
o£ their radically different function, did not arise de novo. In 
land animals the lungs retained and considerably perfected their 
respiratory structure and function. Land snails, requiring an or- 
gan for the same function, had no lungs in their ancestry and did 
not evolve lungs, but a structure that was pre-existent, the mantle 
cavity, could and did evolve to serve that function. 

When a vsay of life is changing in the course of ev'olution it is 
evidently simpler, that b, it b genetically more likely, to remodel 
the exbting than to introduce something completely new. That b 
the principle of tiansformaiion. The evolution of lung to swim 
bladder, already mentioned, b an example. Another striking and 
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Widely familiar example is tfic incorporation of the bones hmgme 
Shull and jaw m early reptiles (quadrate and articular) into the 
middle ear of mammals (where they are renamed incus and mal 
leus) 

The pnnciples of iireiocabihty, opportunism, and transforraa 
tion are based mainly on anatomical and physiological data but 
m the nature of things they must also apply, muiatis mulandn, 
to the evolution of behavior 

Trends and Orthogenesis Ic ts a common observation, backed 
by hundreds of concrete examples in the fossil record, that evolu 
tionary change m a given direction once started may tend to con 
tiniie for a long time Jn terms of years, as nearly as highly mac 
curate approximations permit conclusion it is the rule for trend 
mg changes to continue for more than »o® years and common for 
them to last on the order of lo^ years Much longer trends, hoi^ 
ever, as of the order of io« years without stop or pronounced change 
of direction, have apparently not been substantiated For instance 
the recorded history of the horse family shows several VkcH marked 
trends as has become common knowledge, but it is less widely 
known by nonspecialists that no single recognized trend m that 
family tvas continuous throughout the 6x lo’ years of lU knoivn 
history Tfie longest of the known (rends did not continue with 
even approximate constancy for more than about ex to^ years 
Some trends reached an inherent limit, for instance the premolais 
(all but the first) once fully molanzed could not become more so 
Other trends stopped without having reached such an apparent 
limit, for instance increase in size stopped far short of any me 


chanical limit 

Similar trends often appear simultaneously or successively m 
multiple related lines, su^ as a tendency for the shells to be 
come coiled in relatives of the oyster Others may appear over and 
over again in widely diverse groups for example increase m m 
dividual sue Yet there has been no universal trend no trend that 
did not stop or change before about lo* years and usually much 
less, and even no trend that vras not on occasion revened The 
trend toward larger sue noted above for some of the horses and 


lo There has been some confusion on ihe subject ot trends and the liio'ersiblllty 
of esoJuuon wuh the atgoment that either trends do nol become ^ersed or else 
evolution IS rcvenible The d fficulty is fctnanuc only A bneage that becomes imattw 
and to that destec more like an ancestral stage has not except fn this one arttfimlly 
segregated characterwtfc returned lo Uw anetsital cond non 
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here m a more general sense is probably the most widespread to 
L detected among animals It has occurred repeatedly 
as divene as protozoans and primates Yet U has obviously b 
neither universal nor, in any one group, constant If it had been, 
all animals would by now be elephantine or cetacean in bulk 1 lie 
opposite trend, toward smaller size, has evidently been less fre 
quent but has certainly occurred many times, and absence oE trend, 
maintenance of about the same size, has probably been the rule 
The foregoing and many other facts about trends lead to the 
essential conclusion that there is no m>sierious, inherent tendency 
for evolution to proceed indefinitely in straight lines It accords 
v/ith everything really known about trends, to the limited extent 
that they do characterize evolution, to conclude that they occur 
only when and only as long as they arc adaptive This pre eminently 
oriented feature of etolutionary history is adequately explained 
by the known orienting (nonrandom or antichance) process of 
evolution natural selection The opposite view, that trends may 
or do occur without relationship to natural selection generally « 
labeled as orthogenesis, and there has been widespread belief 
that the fossil record supports or even proves the postulate of ortho 
genesis That idea has always been most widespread among those 
least familiar with the fossil record Most paleontologists have long 
since rejected it 

The facts that trends are adaptive, begin and end at fairly definite 
times and rarely persist long, geologically speaking, base another 
bearing, harking back to methods of inference mentioned early m 
this chapter In the absence of really historical documents, it is 
generally impossible to extrapolate far and accurately from bnef 
sequences or by postulating a previous trend on the basis of com 
paratue data on living animals It is, for instance, unjustified to 
conclude that a behavioral sequence from simple to complex 
among recent primates can be correctly superimposed as a con 
tinuing historical trend from Paleocene prosimian to Recent man 
Patterns of Evolution The fabric of evolution is phylogeny, and 
abo^e the level of interbreeding and hybridization it has only tsvo 
e ements splitting and succession The basic process of evolution 
ary splitting is speciaiion, the nse of two or more species from a 
single species Isolation of a segment o£ the population is accom 
panied or followed by genetic divergence, with more or less di 
vCTgence also m morphology, physiology, and behavior In uni 
p rental populations no genetic nexus unites the individuaU and 
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speciation is a comparamely simple result of mutation and selec 
tion In biparental populations the crucial feature is the breaking 
of the nexus of interbreeding UsualIy(somewouldsay'ahvay5 )an 
initial requirement is some degree of geographic sapaTSUon Isolat 
ing mechanisms that then reduce and finally stop interbreeding 
even if the incipient species do come into contact, are almost innu 
merabfe Afany of them are behavioral, for instance in decreasing 
willingness to mate or success m mating The eventual and com 
plete barrier, which always does arue finally if the now separate 
species suTMve but which may be long delayed, is genetic diver 
gence that makes the gametes so incompatible that hybrid zygotes 
cznxiot develop 

The significance of phylogenetic splitting in o\er all evolutionary 
history is increase in diversity with the occupation of new regions 
and environments and u ithm each area of occupation a parceling 
out into increasingly numerous and naTToi\r ecological niches each 
occupied by a distinctive species If we had no fossil record, it 
would be irresistible to visualize a single, broadly adapted primor 
dial marine species the descendants of which expanded to occupy 
all the waters and lands and specialized for close fit in each avail 
able niche Expansion and diversification complete, evolution 
would end Expansion and duersification arc, of course, the mam 
motifs in the rich fabric of life s history but the whole pattern is 
astonishingly more complex Most species even though already 
well fitted into a niche or adaptive zone, continue to change The 
overwhelming majonty finally became extinct without issue and 
are replaced by other, perhapis quite different organisms 
A few organisms have reached a sort of evolutionary stasis ade 
quale adaptation to a sufficiently constant environment, and ha\e 
continued without marked change thereafter to become living 
fossils the horseshoe crab the opossum, and others Most environ 
ments change enough so that ihe organisms in them must do so, 
too The mere fact chat some one species in a community changes 
for any reason means that the environment of all the others is 
different to some degree The environmental change requiring 
adaptive adjustment for a speacs may even reside is ithin the speacs 
lUelf— that is probably true of many of the trends toirard larger 
size, the smaller animals of a population ahva^-s being at a slight 
competitive disads'amage compared with the larger Such usually 
slowshiftsofcnvironroent and adaptation are nearly but not quite, 
universal and they account for the commonest trends in evolution 
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Rarer but more striking events result from not merely m i - 
raining adaptation in a changing world hut also changing 
improving the quality of adapution. Then there is likely to oc- 
cur on a smaller or larger scale what has been aptly called a break- 
through. Increased competitive efficiency may permit expansion 
into already occupied adaptive zones, with extinction for their 
former occupants, as among the fishes the teleosts have ousted al 
but a tithe of their ancient competitors. Or new ways of life may 
be achieved, as the reptiles spread over the lands then effectively 
empty o£ competitors In such episodes more or less radical chang^ 
in structure, physiology, and behavior are involved. Selection is 
then particularly intense, and change is correspondingly rapid. 
The changes do usually take an appreciable time, apparently as a 
rule on the order o£ lo* years and upward, but the effect in the 
over-all picture is steplike, not a trend but a steep transition from 
one level to another. The behavioral change when man became 
adept with tools — supposing, as one must, that this was accom- 
panied by a biological and not entirely a cultural evolutionary ad- 
vance— was such an event, probably one of exceptional rapidity 
and certainly one of exceptional portent. 
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Morphology and Behavior 

Edwin H Colbert 


THE AMEKICAN MUSEUM OF NATUKAE HiSTOXV 


Introduction 

That there is a definite relationship between the morphology 
of an animal and its behavior seems so obvious as to need little 
elaboration at this place, yet this is a fact that often does not re 
ceive the recognition it deserves Much of the behavior of animals 
IS determined to a considerable degree by their physical adaptations 
to the environment in uliich they Ine Or, to put it tn a different 
^vay, morphology and behavior have developed together as adapia 
uons to tlie environment 

The relationship is quite evident when one looks at the major 
taxonomic categories among the animils with backbones For in 
stance, flying vertebrates must of necessity possess patterns of be 
Iiavior quite different from those of the vertebrates that run on 
the ground S\s imming vertebrates, especially those so adapted that 
they spend tlieir entire lives in the water, must bchaie in ways 
quite different from the flying vertebrates or the ground living 
forms 

Let us elaborate briefly on these and other simple examples of 
the Teiationsh}p beiiveen morptioJogy and beJiavjor Among mam 
mals, the forclimbs of a porpoise arc flat paddles with wbidi it 
controls its motion through the water They arc not used in any 
great degree for propulsion but rather they determine the dircc 
non of motion and turning The forehmbs of a bat, on the other 
hand, arc the prime locomotor organs they propel the animal 
witli great speed and uncanny skill through the atmosphere The 
forehmbs of a horse act in concert with the hind limbs for gelling 
the animal over the ground at a East clip The forehmbs of a 
*7 
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kangaroo are not much used for locomotion, they are hands to aid 
in feeding. The forelimbs of a mole are powerful shoveU, with 
which the animal burrows its way through the hard earth. With 
such differently adapted forelimbs— to consider only these parts 
of the whole anatomy— the behavior of porpoise, bat, horse, 
kangaroo and mole is bound to differ enormously. 

Such comparisons may be extended, for instance to the senses. 
Tlie porpoise has keen sight but no external ear. It does hear 
rather well, receiving its auditory sensations as vibrations that 
travel through the water. The bat relies very little on its sense 
of sight, but it has wonderfully developed ears wth which it picks 
up reflected sound weaves to guide it during its nocturnal flights. 
This is nature’s sonar system. The hone depends on good vision 
plus hearing, plus a well-developed sense of smell. The mole is 
practically blind, but has a highly adapted sense of touch. With 
such profoundly different modifications of the senses, the be- 
havior patterns of these animals arc bound to show marked differ- 
ences. Indeed, in some respects there are no common bases for 
certain aspects of their behavior. 

Can comparisons such as these be extended on more restricted 
bases? Can they be made between animals fairly closely related? 
And can the correlation between morphology and behavior be 
projected back through time, to give us by means of a study of 
the fossils some idea hoiv animals long extinct may have behaved? 
In many insunccs such comparisons can be made. Let us begin 
with a journey back through about loo million years of time, to 
the da)-s when dinosaurs ruled the earth. 


Morphology and the Possible Behavior 
IN Certain Dinosaurs 


finl dinosaun appeared toward the close of the Triassic 
^ 1^“” “8°. These early dinosaurs were 

hiW h',‘i?ir-^i T' Th'y 

ouite Ohs- "■'I' strong and birdlike, and it is 

£hT i dinosauis ran about in much the 

The r«t had?!. l°"S ''gged ground birds ot the present day. 
T^.e te l it birdlikl 

Er^tpm,. Tl.e body was ptvoted at the hips, and there w^as a long 
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tail that served as a counterbalance to the weight of the body The 
neck ivas rather long and flexible, and the head was small with 
long jaws and many sharp, bladelike teeth 
Now, what may be inferred as to beha\ior patterns in these fint 
dinosaurs, from the morphologic facts briefly outlined abose? It 
IS to be remembered that these primitive dinosaurs were reptiles 
so that their general behavior was basically reptilian Their temper 
atures varied in direct relation to the varying temperatures of their 
environments and because of this their metabolic rates went up 
and down They had periods of sluggish actiMty when tempera 
tures were down and other periods of great activity when tempera 
tures were up Very likely they were capable of unusual bursts of 
eneigy for short periods of time 
Certainly they must have been active and swift reptiles, as xn 
dicated by their long and slender but powerful hindhmbs and 
their trim bodies They could run at a good rate of speed, at least 
for short distances Watching the modem collared lizard (Grata 
phytus) of the southwestern United States, one may get an idea 
on a reduced scale of how the early dinosaurs ran for the collared 
lizard runs on its hind legs and it can scoot across the ground at 
a truly astonishing pace This is its protection 
But speed in these early reptiles was not only for the purpose 
of escape They were obviously carnivorous, as is showm by the 
form of their teeth and the structure of their jaws It seems logical 
to think that they could pursue and capture other fast animals — • 
probably other small reptiles for the most part The long toothed 
jaws were useful for catching their prey, and so were their sharply 
clawed hands It is probable that jaivs and hands were used to- 
gether for holding stni^ling victims and for tearing food into 
digestible pieces In brief the early dinosaurs of Tnassic times 
were for the most part hunters of small game and they were fast 
enough to run away from the reptiles of those days that were 
bigger and more powerful than they were 
This mode of life may be looked upon as representing the basic 
type of behavior for the dmosauR Tins was the central hub of 
adaptations from which the later dinosaun diverged during the 
long span of their geologic history And from this beginning the 
dinosaurs evolved through time along remarkably varied lines of 
development 

One line of dmosaunan evolution, that of the sauropods led to 



extreme giantism. These became the largest of all dinmaurs, and 
the largest animals that have ever lived upon the land. The sauro* 
pods of late Jurassic times, like Brontosaurus, were reptiles severity 
feet or more in length that stood fifteen feet high at the hip. In luf 
they must have weighed forty tons or more. Anatomically an ani- 
mal of such dimensions is not going to be much like its small fore- 
bear, and this is certainly true of Brontosaurus as compared with 
its ultimate dinosaur ancestor. 
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11 *'• was necessarily quadrupedal, 

unlike US bipedal ancestor. Its bulk was so great tAat bone, mus 

bbledat nteehantcally unable to hold the body in t 

Broad hen ^ 1°^ against the constant downward pull of gravity 
Broad, heasy feet, something lie the feet of modem elegants 
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gave strong, sohd support on the ground Massuc shoulder and 
bip girdles afforded strong connexions svuh die backbone The 
backbone itself was tremendously strong and m some ■vv*ay$ a marvel 
of natural engineenng The veriebrae inierJocked suth each other 
by expanded and multiplied articular surfaces, yet each vertebra 
was rather airily built so that it resembled somewhat the steel 
trusses of a big bndge Thus the vertebral column was strong but 
was not burdened by the dead vreight of its own structure A strong 
backbone was important to the giant sauropods as a support for 
the weight not only of the body that was suspended from it but 
also of the neck, a long, derrick like lever extending far in front 
of the forelimbs This greatly elongated neck carried a compara 
lively small skull, the jaws set with pcglikc or bladchke teeth The 
teeth indicate that the sauropods were plant-eating reptiles They 
very probably fed upon succulent water plants that they plucked 
from the bottoms of lakes and streams or from the lush vegetation 
that grew in raanhes The tail was also very long 
It u obvious that Brontosaurus and his relatives did not run 
about as did the primitive dinosaurs described above Tlie Iiuge 
sauropods must have been comparatively slow, ponderous beasts 
whose great bulk precluded fast movement 
When set upon by their contemporaries, the giant meat-eating 
dinosaurs, the giant sauropods probably sought protection by es 
capjng into swamps or lakes or nvers That they were aquatic rep- 
tiles in part and spent a large proportion of tlieir time in ilic 
tvater is indicated not only by the sediments in which Uicy are 
found but also by the structure of the skull The nostrils were 
elevated to the top of the bead, an adaptation that almost in 
vanably indicates a water living animal Brontosaurus was prob- 
ably quite at home in fairly deep water, with the body submerged 
and the head thrust up at the end of lU long neck so that the 
nostrils vsere above the surface of ihe water Jn such a situauon 
this reptile was almost invulnerable to attack. 

All of tliese physical adaptations sJiown m the structure of the 
bones indicate a pattern of behavior in the sauropods quite differ 
ent from that of the ancestral dinosaun which lived in the tropical 
forests of Tnassic times It u the difference between small and 
huge size, between quick and ponderous motion, between safety 
achieved through flight and safety because of giantum combined 
with hfe in a largely inaccessible habitat, between ihe active and 
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bloody search for game and the peaceful feeding upon surround 


ing vegetation , . 

This bne£ account of dinosaunan adaptations, and the possio 
beha\ior patterns that may be inferred from such adaptations, 
touches on only tl^o structural t>pes among the great variety ot 
dinosaurs that inhabited the r^o^ld during Mesozoic times But 
these comparisons may serve to exempliE) the correlation between 
morphology and behavior in the dinosaurs, without our laboring 


the argument further here 

Though not all of the dinosaurs were giants, a majority of them 
were, and the csolutionary history of these two orders of reptiles 
was certainly marked by a prevalent growth to huge size They 
h\ed dunng a time in earth history when environmental condi 


tions favored giantism among the reptiles 
Perhaps their great size ga\e the giant dinosaurs some of the 
adiantages of the \s*ann blooded mammals in terms of behavior 
Modem reptiles are charaaenzed by body temperatures that flue 
tuate in fairly direct response to the fluctuation of environmental 
lempciatures ^Vhen the air is cold a reptile will be cold and slug 
gish, when u is hot the reptile will be warm and active In a small 
lizard these fluauations arc rapid and extreme, the mass of the 
body 15 so small that the animal heats up quickly and conversely 
loses heat rapidly A fifteen foot alligator requires a long time to 
gam or lose a degree of temperature as compared with a two- 
ounce lizard, because of its large m<iss of body matter The flue 
tuauons of body temperature in the lizard might be graphed as 
a senes of sharp up and doism zigzags, m the crocodile as an up* 
and-dovm undulant line 


%Vhat might have been the fluctuations of body temperature m 
Ac giant dinosaurs? It seems likely that they were relatively small, 
both because of the huge size of these reptiles and because the> 
were living m tropical and subtropical environments, where tlie 
temperature differences between day and night and benveen sea 
^ c * were not greaL The giant dinosaurs may have 
CTjoy II y uniform optimum body temperatures, day in and 

^ erhaps this made them active animals, at least as com 

pied with mwt of the reptiles we know, and it may have been 
a tacior contnbutmg largely to the extraordinarily successful man 
dinosaurs dominated the continents for almost 
this facioT Ainking of behavior in the dinosaurs, 

this faaoroEtemperature tolerance should alw-ays be kept m mind 
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A Passing Glance at Some Mammal like Reptiles 

Long before the first dinosaurs appeared, certain reptiles were 
rapidly evolving along lines that rvere to lead to the tsarm blooded 
mammals These reptiles were the therapsids, the remains of which 
have been found in considerable abundance m the Permian and 
lower Tnassic sediments of South Africa and northern Russia 
They represent an early progressive phase in reptihnn evolution 
quite different from the type of development that resulted in the 
long dominance of the Afesoroic world by the dinosaurs The 
therapsids approached the threshold of the mammalian grade of 
anatomical development at a time when most reptiles were still 
rather primitive, and then they evolved themselves out of existence 
by being the direct ancestors of early mammals By the end of the 
Tnassic period the therapsids svere virtually extinct, and during 
Jurassic and Cretaceous times their descendants, the ancient mam 
mals, inhabited the continents as the very small and very meek 
contemporaries of the great dinosaun The superior characters of 
structure and physiology, and presumably the superior traits of 
behavior, factors that subsequently established the mammals as 
rulers of the earth, were m middle and late Mesoeoic times of 
httle consequence as compared with the highly evolved and varied 
reptilian characters and traits that made the dinosaurs so supremely 
successful Yet the features that make mammals the animals they 
are were well established early during the lime of dinosaunan 
evolution, ready to be released, as it were, when the dinosaurs came 
to the end of their long evolutionary development To gel some 
idea of the base from which mammals arose it may be useful to 
look at some of the advanced mammal like reptiles that lived dur 
ing early Tnassic times, just before the beginning of dinosaunan 

Among the Tnassic therapsids or mammal like reptiles svere the 
cynodonts of South Africa, known from skulls and skeletons that 
have been studied and described in some deUil during the past 
half<cntury or so These reptiles, of which Cynogvalhus is a good 
example, were small to medium^ired animals, the largest being 
about the size of a big dog They tvere primarily quadrupedal, 
there were no evolutionary (rends among them toivard tJie bi 
pedalism that im so charactcnsuc of many dinosaurs But whereas 
many of the four footed reptiles that we know in life, like the 
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lizards, have rather sprawling limbs, the cynodonts had limte 
that were carried close to the body so that the feet were placed 
well beneath the animal. Locomotion was efficient because the 
limbs moved forward and backward without a great deal of lateral 
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Swing, and the body ivas carried well elevated above the ground 
Adaptations for this progressive and efficient type of walking and 
running are seen throughout the skeleton The shoulder girdle 
and the pelvis were advanced toward the mammalian condition, 
with enlarged areas for the attachment of muscles that pulled the 
legs fonvard and back Articulations between the girdles and limb 
bones and betiveen the lower limbs and the feet were well dc 
veloped, making for smooth and efficient motion The feet were 
compact and strong 

The backbone as well as the limbs reflects the adaptations among 
cynodonts for an efficient type of four footed locomotion The 
vertebrae were strongly interlocking and there were differences 
of structure and function along the vertebral column There was 
a distinct neck a decided thorax with well-developed nbs a com 
paratively ribless lumbar region, a long sacrum to give firm attach 
ment between the pelvis and the backbone, and a rather short tail 
This description would be commonplace enough as applied to a 
mammal, but when applied to a reptile it indicates a truly revolu 
tionary advance beyond the primitive reptilian condition of an 
undifferentiated backbone 

The skull and teeth are especially diagnostic in showing the 
long evolutionary path the cynodonts had traversed away from 
a typically reptilian condition and toward a typically mammalian 
condition The skull was rather long and had strong, fianng 
zygomatic arches for the attachment of jaw muscles The temporal 
opening behind the eye vsas large, and separated from the eye 
opening by a bar of bone There was a high sagittal crest above 
the braincase for the origin of powerful temporalis muscles that 
worked m concert with the muscles from the zygomatic arch to 
close the jaws The lower jaw was very heavy, and was formed to 
a large degree by a single bone, the tooth bearing deniary The 
other bones of the JoH-er /aw, so proznment in most of the reptiles, 
were in the cynodonts reduced to small elements behind the den 
tary In the mouth there was a secondary bony palate, separating 
the nasal passage from the oral cavity, a condition (hat is typical 
of the mammals 

The teeth were differentiated in shape and m function In the 
front of the upper and lower jaws were several small, simple nip- 
ping teeth that may be called incisors Behind these there was a 
single enlarged canine on cither side, aboi e and below, obviously 
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a sharp dagger for stabb.ng ond Ullmg Bchmd the camne tvere 
cheek teeth, not the simple conical or bladelike ° 

most reptiles but complex teeth, those further 
each case of a crown that carried several cusps, and below o 

roots to hold the tooth in the ]aw „ „,nv 

How may we interpret the behavior of a reptile with s Y 
mammal like characters? It seems obvious that one of these ear y 
Triassic cynodonts would have behaved m ways as much » 
a mammal as like a reptile The dilferenliated teeth arc a clue 
These show that the cynodont tvas a carnivorous animal, punu 
mg and killing its prey by using the large canine teeth as stabbing 
swords This reptile cut its food into small chunks by using the 
cusped cheek teeth In other words the cynodont swallowed us 
food in pieces of such small size that they could be quickly turne 
into energy by the digestive system, there was no need for it to le 
torpid for hours on end, as do many modem reptiles, in order to 
digest some unfortunate victim that it had swallowed whole I 
there was quick conversion of food into energy, then it follows 
that the mammal like reptile must have been very active, as is in 
dicated by the perfected locomotor system of the backbone, the 
legs and the feet 

This brings up the question, did the mammal like reptile 
have a relatively constant body temperature like a mammal, or a 
variable one, like most other reptiles? The differentiated teeth, 
and the secondary palate to separate the function of breathing from 
that of eating suggest that perhaps the cynodonts were, or al 
most were, endothermic, having an inner source of body warmth 
Such a condition would go along with the quick conversion of 
food into energy Perhaps they had hair, to insulate the body 
against the environment and to help maintain a constant body 


temperature like the modern platypus of Australia, a primitive 
mammal which lays eggs and shows other reptilian characters 
Lack of ribs in the lumbar region indicates that the cynodonts 
may have had a diaphragm, a structure lacking in the reptiles we 
know today, tins is another point suggesting that the cynodonts 
were probably active and efficient reptiles that behaved in many 


respects m a very unreptihan fashion 

Consequently it is reasonable to suppose that the basis for mam 
mahan behavior ivas attained by the mammal like reptiles parallel 
with the development in these animals of mammal like anatomical 
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features Perhaps if the cynodonts had been less mamma] like 
they might have endured for a longer time during the Mesozoic 
era, because that was the age of reptiles, when seemingly there ivas 
no great advantage m being a mammal Environments of those 
days did not particularly favor mammahan behaiior, and it was 
not until the dinosaurs disappeared that the mammals came into 
their own 


Docs AND Cats 

So far this discussion has been concerned primarily with the cor 
relation of morphology and behavior in animals long extinct An 
attempt has been made to show that it is possible to infer behavior 
among animals of the past through the study of their anatomy Of 
course sudi inferences must be based at least in part upon analogies 
with the nearest relatives that are living in our modem world 

Perhaps it may be useful to look at the problem in another 
light Can the behavior of certain modem animals be explained by 
a study of their morphological evolution? To the paleontologist 
this seems quite possible and for this purpose our knowledge of 
mammalian evolution is especially useful 

Everybody is familiar with the differences m behavior between 
dogs and cats Dogs are friendly and sociable, and very pliant in 
the hands of their masters They like to live with men and to work 
with men Moreover they like to work for men, and they can be 
taught to do all sorts of tasks which they perform with gusto They 
are cooperative They adapt themselves to all kinds of strange 
situations and to new environments and because they are such 
remarkably adaptable animals they have been the useful compan 
ions of man for many thousands of years 

Cats may be friendly, but they arc not very sociable They like 
to live with men, but largely because men give them food and 
protection They are not in the least pliant They arc very inde 
pendent, and although they can be trained to some degree they 
cannot be molded into companions for work and play They are 
not particularly adaptable They like the environment to which 
they have become accustomed, and they don't like to have it 
changed One gets the impression that whereas a dog is a truly 
domesticated animal a cat is essentially a wild animal that tolerates 
man as a useful host 
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Why should there be such marked differences of 
tween dogs and cats? To answer this question it may be 
review briefly the evolutionary history of the two groups o 
vores or meat-eating mammals of which dogs and ““ P 
sentatives. These are the two families known as the Canidae, 
canids, including all of the wild dogs, such as wolves coyotfs, 
foxes, fennecs, bush dogs, and the like, and Felidae, or felids, i - 
eluding all of the wild cats great and small, such as lions, leopar , 

cougan, various small •wildcats, lynxes, and SO on. 

All oE the modem land-living carnivores had their origin during 
Eocene times, perhaps fiEty million years ago, rvithin a carnivore 
Eamily knoivn as the Miacidae. The miacids were small, forest- 
living predaton no larger than ordinary house cats. They had long, 
slender bodies, long tails, and limbs oE moderate length. There 
were claws on the feet. The skull was long and low, and the eyes 
were large. The teeth were adapted to a diet of fresh meat; there 
were small nipping incisor teeth in the front of the jaws for biting; 
large, dagger-like canine teeth with which these animals could 
stab and kill their prey; and in the sides of the jais’S were teeth 
for cutting meat. TTie function of cutting was concentrated espe- 
cially in two teeth on each side of the mouth, the last upper pre- 
molar and the fint lower molar. These teeth, the camassials, were 
spedalired as shearing blades, and they worked together like sharp 
scissors for slicing meat from the carcass. The development of the 
camassials in the miacids was an important specialization that rvas 
passed on to all of their land-living carnivore descendants, to be- 
come a factor of prime importance in the successful evolution of 
the progressive meat-eating mammals. 

In general, these early miacids might be compared so far as size 
and appearance go with some of the modem Old World civets, 
the Mediterranean genet for insunce. This shy, quick little carni- 
vore is in effect a persistent primitive type that has changed but 
little from its miacid ancestor. 


The canids and the felids, hoivcver, showed a marked divergence 
in their evolutionary histories, from the time of their emergence 
out oE a miacid ancestry. By the beginning o£ Oligocene times both 
ss'cre well established as predators. And from then until the present 
th^ have continued as predators, making their living by hunting 
other animals. mosUy mammals, great and small. In this role they 
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have been most successful and most useful m maintaining an 
ecological balance among the mammalian faunas of the ivorld 
The specializations for huntmg and killing have been quite dif 
ferent in these two groups of carnivores, and, in both, these special 
izations represent departures from the primitive adaptations of 
the miacids In the canids there has been an emphasis upon the 
pursuit of prey, m general they have been runners with long legs 
and compact feet, and long jaws, well adapted to catching their 
prey on the mote and to holding the victims Moreover, and this 
IS a particularly important point, the canids have been predators 
that have worked together A common method of hunting has been 
for them to run in packs so that they might cooperate with each 
other in pulling down their victims Often, as we know from ob- 
servation of modem wolves, they resort to clever stratagems, chas 
ing their victim in a circle until it is exhausted Certainly the mod 
em canids are highly intelligent carnivores, and there is reason to 
ihmk that this was generally true of their predecessors But physi 
cally, beyond the specializations for running and for catching their 
prey on the run. the canids have been rather generalized carnivores 
For example, most modem canids arc not above eating camon, or 
even vegetable food if they are not successful on the hunt In the 
back of the jaws the molars are blunt enough to be used for crush 
ing, which IS handy for an animal eating a varied diet 
In the felids there has been from the first an emphasis upon the 
lone hunt, upon ambush and a sudden dash to overpower the vie 
tim before it has time to get away All of the specializations of the 
felids have been in accordance with this mode of life They have 
been powerful, supple animals and roost of them have been good 
climbers Generally they have not been adept runners, but they 
have had the power for a short dash at terrifying speed They 
have had powerful, sharp clans that can be extended to form cruel 
hooks mth which they grab and tear their prey They have had 
highly specialized skulls and teeth with the face very short 
and the canine teeth strong Behind the canines, the teeth are 
reduced in number and sue except for the camassials, and these 
shearing teeth are greatly enlarged to form long cutting blades 
The skull and dentition in the felids have been thus narrowly spe 
cialued for stabbing and shearing and virtually nothing else hfod 
em felids are interested in meat, and nothing else 
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The specializations of the canids, limited though 
developed zather slowly through their evolutionary hist^. 
haps their behavior patterns also evolved m a gradual _ 

EeUds, on the other hand, reached a high degree of sp“ialiratmn 
almost at the beginning of their evolutionary development. Oligo 



f«g s j The comrasiing evoluttonary development in the canids and fclids, car 
nivorous mammals A Mions, an Eo^e carnivore approximating the ancestor of 
aU modern land living carnivores B Pseudocynodietis, C. Tomaretus, D Canu, 
TcpresTOUng evolutionary stages in the canids E Wimrauui, F Felts, represenung 
evolutionary stages in the fclids 

Changes in morphology m the camdi rstte gradual and did not reach estieme 
specialization and such changes may be eotielated with a plastioty o! behavior 
atmrlarity m number and developmeiit o£ 
Ssf™ 1 AUee.s (A) and a reeenl eanid (D) 

li* a "I these Ltor. may be eorml.ted 

nimb^d d ^ *“ “"■'“■■O" -"tree the abrnpl change rn 
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cene fdidj far all practial purpoics isere as catlike as modem 
felioj, and it « retsonable to think that their behavior was cqualiv 
catlike ^ ^ 

If tjicsc tHo groups of camnores arc sieued in this way (he 
differences in behavior beiuecn modern dogs and cats may be 
readily undeniood Dogs are plastic in their behavior because they 
arc rclaiivcly unspecialucd phystcall}, while at the same time they 
arc highly intelligent and have a heritage of being very social am 
mats Cats arc fixed tn their behavior because they have been highly 
specialized omivora. indeed the most highly specialized of land 
living predators for some forty million years They are intelligent, 
but they have a long history of nonsocial behavior, of living by 
themselves and for themselves Dogs liave been growing up m an 
evolutionary sense to their present state for a long time, but dur 
ing this long time cats have a!v\a)S been cats These are facts re 
fleeted just as surely tn their different behavior patterns as in their 
very different morphologial specialuationi 

Deer 

The behavior patterns of related animals may show marked dif 
ferenccs, correlated as in the case of the canids and the fehds with 
differences in morphologic characten that can be traced back 
through millions of jean of past history What then about differ 
ing behavior in one animal, can it be interpreted in the light of 
tint animal $ morphology, or of its phylogeny, or both? Suppose we 
consider briefly the deer, ihcir behavior, iheir morphology, and 
something of their past history 

The behavior of the large male deer of the northern hemisphere 
shows marked differences with the seasons In North America for 
instance, the males of the eastern and western deer, of the elk or 
wapiti, and of the moose are for pan of the year shy and retiring 
animals They live in the woodlands and they move through the 
forest with remarkable silence, considering their size This is par 
ticuhrly true during the summer months, when the antlers are 
• in velvet, ' that is when new anticn are growing on ihe skull and 
arc covcrcdwith tender skin 

Put with the coming of autumn the behavior of the buck deer 
and die bull wapiti and moose changes to sucli a remarkable de 
gree that the animals uke on as it were, new personalities This 



COLBERT 

n the beginning oE the ratting season, and « “ also the 
the mantle o£ tender sUn dries up and is shredded from the an le 
Now the antlers are hard, shining sveapons oE bone, and tnei 
possessors become bold and truculent They are indeed exceed 
ingly dangerous animals They engage in prolonged and vicious 
fights between themsehes to establish patterns oE dominance, 
determine which huch or bull will get possession oE a hY®”* ° 
Eemales Moreover, they may show some hostility toward other 
large animals as Av ell , 

So It IS that the males among large modem deer o£ the nortri 
temperate and subarctic zones have a cyclic pattern o£ behavior, an 
alternation o£ aggressiveness during the autumnal rutting season 
and o£ timidity during the spring and summer when new antlers 
are forming This pattern is m decided contrast to the behavior 
pattern of the males among large deer of more southerly lands In 
the Indian sambar, for instance, there is no marked seasonal litniia 
tion to rutting, and hhewise there is no regular pattern for the 
dropping of old antlen and the grots ih of new ones In fact, the 
antlen ate often retained for more than one year in these deer 
Basically the qchc behavior of the northern deer is to be correlated 
tsiih the alternation of the seasons 
In the Oriental part of the world are small deer knotvn as 
munijacs These luUe deer arc primitive in many ts’ays, of which 
their small sue u only one manifestation In the males the antlers 
are set) small and simple, and there are long upper canine tusks 
Tlic muntjacs are remarkably aggressive little deer, at least among 
themscUcs In zoological parks the males are constantly engaged 
in fights, often with serious or fatal results, and during the fights 
the muntjac bucks rely perhaps more on their long, dagger like 
tushs than on the antlers There seems to be no periodicity m the 
rutting season and the growth and dropping of the antlers also 
goes on all through the year Consequently the behavior of the 
male muntjacs is far less cyclic than that of males among the large 
nonhem deer The contrast is striking 
Also in the Oncnul pan of the world are the chevrotams. svhich 
arc not deer but iraguloids tmy hoofed mammals that represent 
m tnany rcs^u svhai the ancestors of the deer were like They are 
no larger tl^n house cats, and the males lack antlers Not much 
knosm about the behavior of chevrotams because of their se 
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cretive habits, they are \ery shy and consequently are hard to 
observe, either in the vsild state or in captivity Tlie general im 
pression among people uho have hunted them n that the chevro- 
tains are very timid animals tvhtch frequent the undergrowth, 
where they are almost constantly concealed There are no good 
indications of aggressive or cyclic behavior among them, and they 
seem to breed throughout the year 

Now what do the fossils show about the history of deer and their 
ancestors? Is it possible by studying the morphology of the fossil 
forms to get some clues tliat may explain not only the differences 
of behavior among modem deer but also the development of be 
havior in these animals? 

As indicated by the fossil record the ancestors of the deer ap 
pcared dunng the Eocene times, perhaps about fifty million years 
ago These were small traguloids, related to the modem chevrotains 
of the Orient They had slender limbs and tmy hoo&, and the legs 
were not particularly long There was a long tad The skull was 
devoid of sntlen 

Deer as such, the descendants of these early traguloids, did not 
appear until millions of years later, with the advent of Miocene 
times Tlie fint true deer showed numerous advances over the 
traguloids, as might be expected There had been a growth m size 
The legs were relatively longer, an indication of the increased 
importance of running in the life history of the deer There were 
still no antlers, but instead these 5rst deer had long canine tusks 

Antlers appeared during the Miocene epoch, and from then on 
there was a rapid and varied history of this interesting develop- 
ment in the morphology of the deer The first antlers were small, 
and they were carried by small deer But during the late stages of 
Cenozoic history, from the beginning of tlie Pliocene epoch to the 
present day, die phylogenetic growUi of deer and of their antlers 
continued rapidly As deer became larger so did the antlers in the 
males The culmination of this development is seen m the large 
deer of late Pleistocene and recent times, the extinct * Irish Elk, 
and extant stags and moose 

It IS reasonable to suppose that the phylogenetic development 
from Eocene traguloids through primiuve Miocene deer to the 
large antlered deer of the modem world may be matched in an 
approximate way by a senes of modern mammals ranging from 
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che\rotains through the muntjacs to the stags and other large 
antlered deer. Tliis may give us some clue as to behavior patterns 
in the deer ancestors and in the pnmttive deer of past ages. 

Following this line of thought, the chevrotains may be regarded 
as persistent primitive types lltat indicate fairly accurately rvhat 
the Eocene tragulold ancestors of the deer were like, in morphology 
and in behavior. By this token the ultimate ancestors of the deer 
were probably timid, shy creatures that hid in the undergrowth 
of the Eocene forests. Behavior patterns that arc now so typical 
of the deer were still to evolve. 

It may be that the muntjacs reflect sviihout much change the 
behavior of Miocene deer adapted to a Miocene climate. Some 
fifteen million years ago the ronation of climates had not reached 
the extremes that characterize our modem climates. Tempera- 
tures were much more equable over the globe than they now are, 
and It is probable that the seasonal differences were not great. Con- 
sequently, it is possible that the primitive hfiocene deer shed their 
antlers throughout the year as the muntjacs do now, with the re- 
sult that there svas no marked cyclic behavior among the males. 

It is possible that the cyclic pattern of behavior in the large 
modern deer of northern lands represents a fairly recent develop- 
ment in the evolutionary history of these animals. Perhaps the 
timidity of the males during the spring and summer months is a 
late pattern of behavior, added to an earlier pattern of male ag- 
gressiveness, As the antlers became increasingly important to the 
life history of the male deer, the need for protecting these antlers 
during the months when (hey were forming would also increase. 
With the development of strongly zoned climates and the conse- 
quent round of seasonal changes in regions away from the equator, 
the period of rutting and antler growth became restricted to a 
definite part of the year. This led to the cyclic behavior among the 
znaJes, so characteristic of nortliem deer. 

A conjectural picture has been drawn here, but it may have 
some validity. Perhaps the patterns of behavior among male deer 
in the modern world can be explained by the evolutionary develop- 
ment of the antlers and the development of climates since Miocene 
times. If so, we see in this instance a striking case of a relationship 
between seasonal changes, a single morphological feature, and a 
behavior pattern. 
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Conclusion 

The purpose oE this essay has been to show that there are cor 
relations between morphology and behavior in animals. Examp 
have been chosen Erom among the land-living vertebrates, particu 
larly Erom among some reptiles and mammals. It has been 5 
that there is a distinct relationship betsveen morphology an 
havior m modem animals, and moreover that behavior pattenn as 
rve knosv them in many creatures today can be completely under 
stood only through knowledge oE the morphological ev'olution 0 
these animals. Animals hav e cvolv ed morphologically through ^ c 
ages, and it seems evident that their behavior patterns have like- 
wise evol\ ed. 

OE course v\e can only inEer the behavior patterns oE extinct ani- 
mals, partly through a knowledge o£ dieir morphology and partly 
by analogy with their living relatives Such inEerence is uscEul, ho" ' 
ever, and truly necessary IE we are to gain a well-rounded knowl- 
edge oE the correlation between morphology and behavior in mod 
cm animals The past is a key to the present, in the study not only 
o£ the physical evolution o£ life but o£ mental development and 
behavior as well. 
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Phylogeny and Behavior with Special Reference 
to Vertebrate Evolution 

Alfred Shcrv/ood Romer 


HAKVAtO V}(1V£KSIT¥ 


It is a commonplace that the anatomical characters of an aniin^ 
are difficult of interpretation if one attempts to victv them as cre- 
ated de novo for the functions tvhich they currently serve, Oot 
undersunding is far better if tvc realize that they represent, in 
general, only a "current" stage in a long series of modifications of 
struaures which in earlier times and under different conditions of 


existence served very different funaiom (the auditory ossicles 
a familiar example). It is reasonable to believe that an animals 
behavior (and the nervous and other structural features which 
underlie this behavior) can likewise be best understood if we can 
determine its phylogeny and attempt to reconstruct the successive 
modes of life of its ancestors and the probable behavior patterns 
which these ancestors would have exhibited. Comparative study 
of a given form and its living relatives of seemingly more primitive 
nature is s-aluable. But the results of comparable anatomical studies 
suggest dangerous pitfalls in this method; s%-e know that a surv'ivor 
of a primitive group may diverge far from the ancestral type in 
specific struaural features, and similar divergencies may well oc- 
cur in its behavior. Any attempt to trace the phylogenetic de- 
velopment of mmi animal groups is at best fraught with difficul- 
iia an uncertainties; nevertheless, the phylogenetic approach to 
behavioral problems should alwap be attempted as a valuable 
IhSn reached from purely comparative studies of 
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Features of Invertebrate Behavioral Evolution 

I shall confine most of the discussion in this chapter to the profa 
able course of evolution of behavior in the vertebrates and their 
chordate relatives The vertebrates are a relatively young group, 
with a known history of but 300 million years or so Further, most 
possess hard parts capable of fossilization, so that although our 
knowledge of their history js very far from perfect we can in most 
regards sketch out their phyJogeny in broad outlines from forms 
known m the fossil record Through a consideration of the struc 
ttire and apparent life environment of these forms one can make 
reasonable deductions as to their mode of livelihood and behavior 

Quite in contrast is the situation with regard to the invertebrate 
groups Most are either so ancient that the major part of their 
evolutionary progress had been accomplished before the fossil 
record became adequate or else soft bodied and hence inadequately 
known in fossil form In consequence, our ideas as to invertebrate 
phytogeny are m an uncertain state, and attempts, m such a situa 
tion, to work out a phylogeny of invertebrate behavior can only 
result, by a piling of hypothesis on hypothesis, m erecting a struc 
ture with foundations of a very shaky sort I shall merely point 
out here some of the major factors which may have entered into 
the evolution of behavioral patterns in the metazoan animals I 
shall not attempt to discuss the behavior of unicellular forms, in 
which there IS no integration of tlie behavior of the animal,' each 
cell reacting as an individual 

In one major respect, presumed increases in complexity in be 
havior m the evolution of invertebrate groups can be clearly cor 
related with morphological evolution For the development of a 
variety of responses it is necessary that an adequate senes of sensory 
structures be evolved and that an efficient nervous system be present 
to enable appropnate muscular (or glandular) responses to be 
brouglit about Although the coelentcrates (Cnidana) are in some 
features specialized forms rather than truly ancestral metazoans, 
they presumably do represent the ancestral type m that sense or 
gans arc little develop^ and the nervous system is a poorly in 
tc'nated net, in correlation, their behavior is, on the whole, of a 
simple type In more advanced invertebrate groups we find that 
special sensory structures make their appearance and the nervous 
system is more highly developed in correlation, behavior is more 
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complex “Ears" and chemoreceptors and eyes 
o£ complexity are found m various groups, instead of a n 
there is a strong trend for the organization of nerve veined 

the development of ganglia and brainlike structures The 
structure of the sensory organs in the different advanced gro ]p 
and the varied patterns of their nerve cords indicate that Ui 
structural advances were made not by a single stock of commo 
ancestors but in parallel fashion by members of a number o 
phyletic lines, and that the complex behavior patterns seen iri t 
different invertebrate types were also evolved in parallel fas lon 
from simple origins in structurally simple ancestral metazoans 
the behavior of invertebrates be reviewed broadly, it will be seen 
that in general the forms ivith a complex sensory and nervous or 
ganization and a concomitant complex behavior are forms whic 
have powers of active locomotion This tends strongly to accept 
ance of the belief that the ancestral metazoans were sedentary 
animals of simple structure, feeders on food panicles gathere 
by aliary currents, with little in the way of sensory or nervoiu 
structures and with behavior of a simple type This conclusion wiU 
not meet with universal acceptance by all students of the inverte 
brates It is clear that there have been various cases of secondary 
simplification of structure and paedomorphosis ' in invertebrate 
evolution, and hence simplicity of any specific form tends to be 
suspect. Further, the fact that the larvae of sessile adults are he 
quently free floating or travel by ciliary action is used by those 
who have reuined a stout Haeckelian belief m recapitulation as 
a proof of the nonsessile nature of ancestral types But certainly at 
some time primitive simplicity was present in the metazoan an 
cestors An actue seeking of macroscopic food materiab is surely 
an advanced feature, the food supply of pnmiuve metazoans pt^ 
sumably consisted of small particles and their collection by a cihary 
apparatus (as in many larvae) is an adequate method Pursuit of 
particles is unnecessary, and a sessile condition satisfactory 
rhe active movement of the larvae of sessile forms can be func 
tioiully explained by the necessity for distribution of the young 
without recourse to the recapitulation theory The great variety 
found in the invertebrates argues strongly for 
th«r independent development m the gronps coLtned I would 

u.'e .SSSfrgt" 
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thus \isiialKC a pnmitue metazoan a$ a small sessile creature with 
somesvbat the appearance and simplicity of structure of the simpler 
hydrozoam but uitbout the speaalized tentacles and nematocysts 
of such an animal, and with an apparatus developed for bringing 
small food particles to the mouth by ciliary currents Quite natu 
rally, we do not find today any form svhich exaaly fills the re 
quircmcnts for a diagrammatically ancestral metazoan But it is of 
interest that the essential features postulated arc present today 
in a utde variety of groups— both types of Brjozoa (Ectoprocta 
and Entoprocn), the brachiopods, tlic Phoronidea the cnnoids 
and various extinct t)pcs of echmoderms and e>en the ptero* 
branchs among the vertcbraie relatives Despite vanous specializa 
tions, there arc m all these forms many basic common features — a 
stalk for attadiment, a compact body with a mouth on the upper 
surface and, sunounding the mouth, arms of some sort (usually 
termed lophophorcs) winch bear food-collecting bands Sensory 
and nersotts structures are at a minimum, and behatior is of a 
very simple type, consisting of little but defensive moiements of 
one sort or another, regulation of feeding currents and release 
of gametes 

H such a Simple sessile animal be tentatively accepted as a meta 
zoan ancestor, u follows that increasing complexity in behavior m 
any group of descendants is — and must be— correlated m general 
with the attainment of locomotor powers Such locomotor de- 
velopment seems, in most cases at least, to be associated wth a 
change in diet to food materials of larger dimensions which must 
be sought for or punued ^ Locomotion has developed m a vanety 
of fashions m the vanous animal groups The echmoderms some 
little changed in body form have evolved the tvater vascular sys 
tern with Its tube feet, the moflusks m general have been satisfied 
with movement on the sea bottom by means of the clumsy ‘ foot,' 
but Uie cephalopods have developed active swimming m their 
osvn peculiar manner Most common however, has been the de 
velopment of a bilaterally symmetrical body form, this is seen in 
the vanous worm phyla the diaetognaths and most chordates, 
and m the great arthropod groups In these forms the degree of 
development of the sensory structures and nervous system is m 
general correlated with the degree of development of locomotor 


. Exceptionally coelenlentcs even when fCnite have been able to adapl i 
laeger food maicriali by the development of fmplng tenucles and Hinging cells 



romeu 


noweis. Although presumably developed priraanly in 

with food seeking, locomotor ability allows the “Pj'f ^ j 

havior of more advanced type in reproductive activiti 

variety of other ways. . 

The behavior of larvae is a topic of considerable interes 
ous invertebrate groups. Here sexual behavior f " 

enter the picture; concerns are mainly with larval feeding ( 
of a very different sort from that of the adult) 
the attainment of a suiuble environment for adult life, in 
marine groups, the larvae (as in the common trochophore 

annelids and mollusks and the rather comparable larvae o ec i 

denns) are strurturally simple, with little in the svay of a . 

system or sense organs to regulate behavior. Food 
locomotion in common lar\'al types are both accomplish ^ 
ciliary action. As regards feeding, it is reasonable to belies-'C ^ 
this method is a direct inheritance of ancestral adult habits (an 
for those tvho believe the ancestral metazoan to have been non 
sessile, ciliary locomotion can be interpreted in the same 
In arthropods, the larvae are frequently highly organized; escn 
in crustaceans complex types of larval behavior are seen, and the 
behavioral patterns found in larval insects — particularly the groups 
with complete metamorphosis — ^havc evolved in a variety of co®' 
plex fashions. 

Related to problems of larval behavior are the complexities seen 
in the life cycles of parasitic forms, particularly common among 
members of the “louver” ivonn phyla. In many of these cycles svhich 
involve two or even three hosts in sequence, there have ev'olve 
immature "larval” types exhibiting marked differences from the 
adults in structure and behavior — differences which appear ^ 
develop in great measure in response to the stimulus of the varied 
environmental conditions supplied by the successive hosts. 

As noted above, paedomorphosis is believed by many to have 
been a major faaor in invertebrate evolution. The nature of larval 
l^havior is hence of as great importance in attempting to work out 
the phylogeny of behavior as is the nature of larval morphology' ht 
the solution of problems of struaural evolution. 

Chordate Phylocesy and Behavior 

s follow I propose to consider a series of 

stages leading from early and primitive vertebrates to mammals 
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and imrard man as diustralive ot the phylogeny o£ vertebrates as 
a whole, giving for each stage such indications as to behavior of the 
anima! as ns structure and conditions of livelihood suggest Par 
ticular attention ivdl be paid to the earlier stages, in which major 
basic patterns VtCre obviously laid down 
But even the most primitive and earliest of known vertebrates 
^'Cre already animals of a considerable degree of complexity in 
structure and presumed complexity m behavior To discuss the 
beginnings of \ericbniie behavior we must descend on the scale 
to the ancestors of vertebrates And here, to my embarrassment, I 
find myself (as m the discussion of the invertebrates) stumbling 
among the pitfalls of a study based only on living lower types For 
ancestors of vertebrates are not knoivn as fossils, and we have 
but isolated remnants, most of them obviously aberrant, of related 
ioiver groups, /hef»reehordates * Not oniy this but it will belarther 
necessary to dnerge to ducuss briefly the question of chordate 
origins, since this subject is one on which there u no unanimity of 
opinion 

The living lowly relatives of the vertebrates include four dis 
imct types of marine organisms These are, m descending order, 
(i) "Amphtoxtu,' the lancelet, which has many distinctively vette 
braie features but is obviously more simply built and probably 
somewhataberrant, (2) the tunicates, mainly sessile or free floating 
forms, normally showing as adults little relationship to vertebrates 
except a highly developed giU slit system, but m some cases having 
larval forms clearly of a prevenebrate nature. (3) the acorn worms, 
such as Balanoglossus, burrowen which have a gill slit system as 
(he main prooi of vertebrate relationships, (4) the tiny sessile 
marine pterobranchs, which may lack even gill slits but are 
tenuously linked to the vertebrates through features showing 
relationship to the acorn worms The flrst two types are universally 
included with the vertebrates to form a phylum Chordata the 
last two, obviously on a lower plane of organization, are frequently 
placed in a separate but related phylum as Hcmichordaia 

Wliat IS the origin of the vertebrates and this cluster of lowly 
relatives? Various proposals were made during the last century 
But it now seems certain, on grounds ranging from embryology 
to biochemistry, that closest relauomhip of the chordates is with 
the echmoderms, that the two groups, so different m their end 
forms, spring from common ancestors 
3 These fonns have been most recenity and adBjuatelr dewnbed in CmU OSiS). 
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An elongate, bilaterally symmetrical body ^ 

high degree o£ activity is characteristic o£ loner verte 
general In consequence the dominant mciv has been 
hne ot \ertebTate ascent has lam, from exceedingly ^r y ) * 
along a line of actise bilaterally symmetrical forms, that s^i 
forms are degenerate, and that, as sessile organisms, the e m 
derms and (up the scale toivard vertebrates) the tunicates are 
aberrant. Hoiveser, careful consideration of the evidence cur 
rently as-ailable leads me to adopt exactly tlic opposite theory,^ 
advocated espeaally by Garstang (1928) and m great measure y 
Bemll (1955) This assumes that, like many of tlie less progre^ 
sive metazoan groups the remote ancestors of the chordates (an 
echmoderms) v\ere sessile marine organisms feeding by cihaiy 
action, and that the development of an active svvimmmg hfe too 
place at a relatively late prevertebrate stage of chordaie ev olution 
In many regards such echmoderms as the Paleozoic cystids or 
even the modem cnnoids exhibit a mode of life and basic struc 
ture similar to that vshich may have charactenzed the oldest ptc 
chordates a compact body attached to the substrate by a stalk, 
a mouth on the upper surface surrounded by arms bearing ban 
of cilia by v\htch food particles are drawn down and in Such an 
cchmoderm is essentially similar to the simplest prechordates, 
the pterobranchs Indeed, the pterobranchs may not be far froin 
the ancestry of the echmoderms as well as of the chordates (an 
in turn may be not distantly related to the bryozoans an 

phoxonids) 

Pterobranchs (Fig 3 1) Of the pterobranchs, only two genera 
{Cephalodueus and Rhabdopleura) are at all adequately known 
^ih are tmy deep sea forms sessile and more or less colonial 
individuals live within chitinous tubes The antiquity 0^ 
the group is shov^m by the discovery of siraiUr tubular structures 
m y Paleozoic days, and according to Kozlowski and oihet^ 
workers the abundant and varied graptolites of the Lower 
be offshoots of the pterobranchs The pter<^ 
if attachment and a compact body m which 

the \o^ h branching arms- 

™ m P^oduang a food 

Senus a single pair of ciliated 
gill openmgs is present which aid m bringing the food current 
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into the mouth and phatynx. Above and in front of the mouth 
there is an adhesive "proboseis.- Reproduaion is in paTby 
budding, in part socua], with a releasp nf fu ^ 





fig. } t. K, <n individual o( th« pterobraneb genu JthabdopUura projeedeg {rout 
its enduing tube, B. a pan ot a eotony of tbe tame (bocb 6gum much enlarged) 
a, anu 2 I, lopbophore bearing bandi of dlla; m, mouth, pd, tul^ (peduncle): pr, 
"pnboseii" an antetlar projection of the body. Mainly after Delage and Hfrouaid 


Seldom have pterobranchs been seen alive, but It is obvious 
that in these simple sessile animals there is little behavioral activ- 
ity of any sort. The nervous system consists of a simple central 
ganglion, a few nerve trunks (the components of which are un- 
knotvn), and diS'use subepithelial fiber plexuses in some areas. 
There are no known sense otgans, and no described endocrines. 
Presumabl): there is some control of lophophore position and of 
the action of the ciliary current. Individuals may retract and ex* 
tend themselvft within (heir tubes (there are longitudinal muscle 
fibers) and in Cdphalodiscus, in which the members of the colony 
arc discrete individuals, the animals may on occasion move about 
in a fashion comparable to an "inch worm." Presumably there 
is some control over gamete release, but the stimulus is unknotvn. 

/icom u/orms (Fig. Somewhat above the pterobranchs in 

structural complexity are the Enlenipneusta, Salanoglossus and 
other acorn svorms. Here there w no colonial organization; the 
animals are larger; the lophopho^ are lost from the collar; the 
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proboscis « larger, and there .s a notable change m body shai«, 
for there is no stalk and, instead, the trunk is straighte 
give a wormlike form, wiih a tcrminil anus This suggcs 
we have arrived at the beginnings o£ the active life c laracter 
of the vertebrates but this appearance is for the most part an i 
lusion The acorn worm is a sedentary burroiver, the e onga 
body includes but a single segment, in contrast to the structur 



Fig j a A an acom worm (OatanogloMui) B external view of a solitary *'**”^j 
m mouth i Jiphon through which water current leave* the body Alter DeUge 
Hirouard 


of the vertebrate trunk and tail * For the most part we are, d 
seems, dealing merely with pterobranch descendants which have 
shifted from being colonial tube dwellers to solitary inhabitants 
of burrows The one notable advance is in feeding mechanisms 
Instead of the foodbeanng current being produced by clhaiy 
bands on lophophorcs it is produced by cilia within an expanded 
pharyngeal region the water drawn into the pharynx is passed 
outward through gill slits Instead of the single pair, at the most 
seen m pterobranchs there is a long array of gill slits of compl« 
nature highly comparable to those of Amphioxus, tor example 
char.,” developed the typical filter feeding mode of life 
P"‘=''">ebiates and even it seems of die 
earliest vertebrates themselves 

ttve^WerZ '"T" “ «■>! at an exceedingly pnmi 

crtiTil^fr beam and apart from Tome con 

the system IS a Seunks and the beginnings of a dorsal tube, 

homologue ot ihc vmebme^!^*°f?' emphasized does not include a 

tending postenorW bevond ihc i-Jl * “ * Purely somatic postaxial giruciure e* 
^ me tomuuuoa ot ac bod, ca,u, and gut 
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the gut and other internal orgam There are no positively identi 
fied sensory structures o£ any sort, or identified endocrines Pre 
sumably, as in pterobranchs, there is some control of ciliary ac 
iivity and gonad release Smooth muscle fibers are present, but the 
animal is essentially inert, doing little more than occasionally 
moving back and forth in its burrow 

It IS reasonable to belieie that tlie burroiving acorn worms are 
somewhat of a side branch, and that the next progressive stage 
above a pterobranch lyas an animal winch svas persistently small, 
stalked, and sessile as in pterobranchs, but in which (as in the 
enteropneusis, presumably dnergent at this point) lophophores 
were reduced, the gill slit system elaborated, and filter feeding 
established From such a form u is but a short step to a tunicate 

Tunicaies The modern tunicaies and their allies (Urochordata) 
are a highly diversified assemblage, exhibiting a radiation m mod 
em seas somewhat comparable to that of the more lowly graptohtes 
m earlier times Many are colonial, many free floating Certain 
of the solitary luniaies, however, present as aduJis a picture not 
far removed from that of our hypothetical acorn worm ancestor 
(Figs 3 all, 3) Such forms arc sessile, attached directly or by a 
stalk, and protected by a cellulose * tunic The greater part of 
the compact body consists of an enormously enlarged slitted 
pharyngeal apparatus for filter feeding appended to which is a 
much smaller digestive tract A water current, due to ciliary ac 
tion m the pharynx, enters by a siphon at the upper surface, is 
filtered through the gill apparatus, and passes out through a 
second, lateral, siphon opening 

There is, again, no brain— merely a small central ganglion from 
which nerve trunks run out to diffuse nerve nets beneath the 
surface of the skin and, as a primitive ‘sympathetic system 
about the gut The skin network, at least is highly sensitive to 
toucli and pressure, although there are no specialized sensory 
cells But in the adult tunicate we find at last one sensory organ 

the neural gland, not improbably die ancestor of the pituitary, 

situated at the entrance of die pharynx and beneatli the nerve 
ganglion This is said to be sensitive to materials in the in-current 
water and to be also an endocrine structure (Carlisle, 1951) In 
contrast to the hemichordates, some striated muscle fibers arc 
present m the body 

Behavior here is sull on a very primitive level The neural 
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eland is said to control the discharge of gametes and presumably 
in some fashion may affect the n-ater flosv. Reflexes due to tactile 
sensibility in the skin and siphon regions may cause siphon con- 
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some time, then, attaching ioelt to the suhstrate, nndetgoes a 
radical, degenerative meUmorphosis to assume adult form and 
Junction. In this larva we see, for the first time, a body oreanira- 
tion basically comparable to that of vertebrates. It is universany 
agreed that this larval type is essentially the form from which 
vertebrates have developed (although, as will be seen, there arc 
two radically different interpretations of its phylogenetic posh 
tion). 

This tadpoIe-Iike larva (Fig. 3-4) is essentially a dual organism. 
In the expanded "head" develop the structures which form most 



Fig Dlagnm of the aAstony of the tiny hm of a luniofe (such of the length 
of (he iwlmmln; tail omiited). The nerve cord, Miue or^^nj. and notochord 

are lost In the adult. At this auge the filtetiag apparatus (pharynx and atrium) is 
little developed. 

of the substance of the adult feeding animal — the expanded 
pharyngeal apparatus, gut and gonads. But above and behind 
these oi^ns there is present a whole series of other structures 
peculiar to the larva. These form, in contrast, a locomotor ani- 
mal, the function of which is to transport the potential adult 
to a place suitable for its later vegetative activities. These struc- 
tures include an elongate swimming tail of vertebrate pattern 
(le, one into which the gut docs not extend), containing a typical 
notochord and striated muscular fibers. As a directive force, there 
is developed a typical vertebrate doisai hollow nerve cord termi- 
nating anteriorly in a simple brainlike expansion; further, as 
"navigation aids" there are simple visual and equilibrium organs. 

In the larva the adult organs are essentially nonfunctional. It 
is the locomotor animal ivhich functions, although only for a few 
minutes or houn, with simple swimming movements under con- 
trol of the sense organs and nervous system. As far as knoivn. 
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Ty^nning oi this swimming stage is part oE a random dis- 
mo'/cment oE larvae, with some positive geotropism; this 
is followed hy a settling to the bottom and attachment to a suita- 
ble (hov.' this is selected is not known). The locomotor animal 
ncr/; peiformed its entire function and its materials are re- 
sorbed. 

In the past it has been assumed by a majority oE workers that 
adult tunicates are degenerate, and that the swimming larva repre- 
sents an active ancestral type. But a review o£ our present knowl- 
edge strongly suggests the validity o£ the opposite view, as set 
forth by Gantang and adopted here: that the ancestors oE the 
chordates ssere sessile filter feeders; that the swimming larva 
seen here is a new development at or just prior to the attainment 
oE the ascidian level; and that further evolution tow'ard the true 
vertebrate stage was by paedomorphosis — abandonment of the 
original sessile adult condition and evolutionary elaboration of 
the larval animal. 

Under this point of view, the basic pattern of chordate struc- 
ture is that of a dual animal: (i) A component, for which the 
term "visceral'’ is appropriate, consists of the essential structures 
of the ancestral sessile adult — the elaborate food-collecting ap- 


’Somofic* onimol 



.bo,. ,„d po.tmo.1, (d.,t« ^ 

. ™.bme » ^ of . oopb 

I,, »«pon i» lull very pronunent 




VERTEBRATE EVOLUTION AND SEHAVIOR g, 

paratus and the gut and gonads together with such simple 
nervous and endocrine structures as are associated with these 
organs (a) The new addition fim seen in the larval tunicate is 
the active locomotor animal for which the term somatic may 
be used Here we find for the first tune definite sensory structures 
strongly receptive to external stimuli and a relatively elaborate 
nervous system of brain spinal cord and somatic nerves con 
trolling a locomotor apparatus of striated musculature supported 
by a notochord (Fig 3 5) This anatomical duality appears to be 
represented by a duality m behavior systems (1) visceral internal 
responses regulated by sympathetic nerves and endocnnes in 
herited from the ancestral visceral adult and (2) external re 
sponses brought about by the development of somatic sensory 
nervous and locomotor structures I suggest that many features 
in the neurology behavior oi lertebrates may be explained 
to some degree by this duality of origin there has been in higher 
vertebrates a welding together of somatic and visceral structures 
and function but their union is still far from perfect or complete 

Amphioxus 

The position of^mphioxus (Fig 3 C) in phylogeny is none too 
clear It has been looked upon as (i) almost directly ancestral 
to vertebrates as («) a degenerate vertebrate or as (5) a somewhat 
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divergent side branch from a stage intermediate between Iowct 
chordates and vertebrates. This last compromise view seeim most 
reasonable. 1 £, as here, the Garstang theory be adopted, Am- 
phioxus deBnitely represents a major advance over the tunicate 
stage. The somatic locomotor apparatus and associated nervous 
structures are retained throughout life, incorporated with the 
visceral feeding and reproductive structures to form the func- 
tioning adult. A further advance lies in the development of the 
very simple, unsegmented tail of the tunicate larva into the com- 
plex segmented structure of Amphioxus. Certain features of 
Amphioxus seem surely aberrant — for example, the continuation 
of the notochord to the animal's “nose” as a burrowing aid — and 
since, in the nearly complete absence of a “brain” vesicle and of 
sense organs, Amphioxus is more lowly in development than a 
larval tunicate, the animal is best regarded as degenerate to at 


least some degree. 

Amphioxus has the appearance of being a “streamlined,” active, 
swimming fishlike form, which one might imagine darting about 
the ocean floor, with a complex pattern of activities. Actually, this 
is far from the case. Amphioxus has these potentialities; however, 
they are used but little, and we are still dealing essentially with 
a sessile filter feeder not too distant in its mode of life from a 


tunicate. The front half of the body is still a complex branchial 
apparatus, and Amphioxus shows relatively little activity (cf., for 
example, ^Villey, 1894). There is a short period of free swimming 
in the larval stage; the young Amphioxus then drops to the bot- 
tom, and apart from digging a burrow, and readjusting itself 
when disturbed, spends the rest of its life as a nearly completely 
sedentary form. In its behavior it shows little advance over an 
ascidian larva. 


The Ancestral Vertebrate 

The cyclostoraes are the most lowly of living vertebrates. The 
larval lamprey resembles Amphioxm in habits as well as in various 
s^aural features. The typical adult cyclostorae. however, cannot 
M r^rded as primitive either in certain of its structural features 
(suA as ^e raping “tongue” which substitutes for jaws) or in its 
habits, since it preys on higher fishes which cannot have been 
present m early days. Wc must look rather to the oldest fossil 
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foiTOs for pninmve vertebrate structures and pnnutive vertebrate 
behavior In understanding early vertebrate evolution two out 
standing points must be kept m mind (i) the earliest vertebrates 
were probably fresh water forms, (2) they svere almost of neces 
sity persistent filter feeden 

As soon as there arose some kind of fresh water vegetation, 
even if the simplest algal type, it is to be expected that it would 
be exploited by animal life of some sort Our knowledge of con 
tinental deposits of the older geologic periods is limited, but even 
so such exploitation appears to have begun at a rather early time 
in the Paleozoic Invasion of inland regions is rendered difficult 
by the fact that water runs downhill Some groups of sessile or 
relatively inactive invertebrates (mollusks, for example) have 
been able to penetrate fresh waten by evolving unusual reproduc 
five methods But the major victors have been members of groups 
which had achieved a bilaterally symmetrical body plan and active 
locomotion, by means of which the constant doimtvard com 
pulsion of stream currents could be countered Arthropods and 
vertebrates are both represented before the close of the early 
Paleozoic m deposits which appear to have been laid down in 
fresh tvaters ^Vork on kidney structure and function affords evi 
dence of a very positive nature that the early evolution of \erie 
braies took place in fresh waters (Smith, 1955 and earlier technical 
works on kidney history by the same author) and while the fossil 
evidence is not (and cannot be) as conclusive, it can be reasonably 
interpreted m no other fashion (Roraer, 1955) Amphioxus, we 
have seen, is relatively sedentary m habits but has the potentiali 
ties of greater activity Ancient prevertebrates at this stage of 
development would be among the few early Paleozoic animal 
types capable of exploiting the food potentialities of estuaries 
and, gradually overcoming the physiological difficulties encoun 
tered, of forging upstream as primitive vertebrates 

Such ancestral forms are represented by the variety of primitive 
fishlike types found not uncommonly in deposits of late Silurian 
and early Devonian times and frequently termed oscracodezms 
Although Cephalaspis and its relatives are specialized ostiaco- 
derms, they are structurally the best knovm of the group and 
may be used here as illustrative (Figs g 7, 8) 

The typical cephalaspid ivas generally a small creature, but a 
few inches m length, with a skeleton well ossified externally and 
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to some extent intemolly. The general form ™ fishlike tsiih a 
trunk and tail obviously capable of active slumming. Stensios 
studies (1927) proie the existence of a typical (if small) brain, 
and nelWei eloped sense organs— these including paired eyes, a 
median eye, nose and internal ear closely resembling those of 



J*7 A cephaUspid ettiacodenn, seen In side view. 


lamprey, and a lateral line s^’stem (as well as a further sensory (?) 
sj'stem of unknouTt nature). One gains, at first, the impressjon 
Aat we are now dealing with a form that would have exhibited 
an activity comparable with that of a modem fish. But further 
study indicates that this is not the case. We are in fact dealing 
W’ith a persistent filter feeder; the expanded anterior pan of the 
cephalaspid body includes an enormous pharyngeal feeding de- 
vice (Fig 8). The somatic animal, of sense organs, nervous system, 
and muscular “tail," is here basically only a set of accessory struc- 
tures useful in bringing the feedingapparaius to situations where 
food materials could be found, and maintaining it there. 
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Unless the animal lay m a quiet inland lake a major need 
was to counteract more or less continuously the tendency of the 
stream current to carry it down to the sea It is probable that 
there was some instinctive behavior favoring a swimming against 
the current the lateral line system useful in other ways when 
once developed may have been primarily concerned with regis 
tenng information on stream current direction Swimming would 
further be useful m taking the feeding apparatus to the most 
favorable areas for food materials with nose or possibly a primi 
tive pituitary sense organ furnishing infonnation as to the 
suitability of any site reached A further use of swimming activity 
would be in attempted escape from enemies little cephalaspids 
are for example often found associated with predaceous arthro 
pods of considerably larger sue (Romcr 1933) Finally reproduc 
tion IS a more serious affair in fresh w’aten In prevertebrates 
gametes are simply shed into the water for fertiluation and de 
vclopment This is impractical in flowing streams it seems cer 
tarn that there was an early development of courting and mating 
behavior of some type to insure successful fertilization and the 
safety of the eggs and developing embryos 
Despite the presence of a good complement of sense organs 
and a powerful tail with median flns u seems probable that 
ostracoderm swimming was of a relatively inefficient and unregu 
laied type resembling for example that of a tadpole (Westoll 
1945) for apart from the presence of pectoral flippers m some 
(but not all) cephalaspids there is no development in ostraco- 
derms of paired fins important in typical fish for maintenance 
of balance and for agile sleenng 


Jawed Fishes 

Early m fish histoiy there took place a revolution in fish feeding 
habits and consequently m fish behavior Filter feeding has per 
sisted in larval lampreys (and is found secondarily m a limited 
number of other vertebrates) But m general this way of making 
a living was shortly abandoned by vertebrates in favor of utilizing 
macroscopic food materials Even among ostracoderms some forms 
show mouth parts suggestive of nibbling movements or mud 
scooping and at some unknown period of time one group of 
ostracoderm descendants developed the rasping tongue ap- 
paratus which has enabled the cyclostoraes to become predaceous. 
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The major evolutionary trend, however, was toward the dwelop 
ment o£ jaws and biting jxiwers At the beginning of the Devon 
lan a varied group of fishes generally termed the placoderms 
showed early ‘ expenments in jaw development, and before the 
end oE that penod there had appeared a ivide vanety ot hshes 
with highly developed jaws With this new Feeding mechanism 
there opened out broad new areas oE existence for the once lowly 
vertebrates They rapidly spread into a wide variety oE environ 
ments, marine as well as Fresh water, and although jawed fish 
were primitively predaceous in nature, they diversified to avail 
themselves oE a variety oE Food materials 
With the deselopment oE an active pursuit oE Food by jawed 
fishes, It IS oE coune, to be expected that swimming powers would 
be greatly increased The advanced bony fishes oE the Devonian 
had attained a typical fusiform shape and, further, acquired typi 
cal paired fins, pectoral and pelvic, highly useful in balancing 
and steering movements Presumably, swimming behavior was 
essentially on as high a plane by tlien as in modem forms, with 
resulting possibilities for complexity and vanation in methods 
o£ Eood seeking defense, and reproductive habits 
The line leading toward land vertebrates lay through the 
crossopterygians These were m general highly predaceous fishes, 
abundant for much of the later Paleozoic in fresh waters They 
were (except for a group of fresh water sharks) the dominant fishes 
of the day, aggressive rather than defensive in behavior, and 
presumably well adapted to pursuit of prey In some other fish 
types, notably those leading to the modem teleosts, the eyes be 
came the dominant sensory structures in the search for food, this 
IS reflected, for example, in the reduction of the cerebral “cortex ’ 


in teleosts The crossopterygians, on the other hand, appear to 
base been nose fislies, relying more upon smell than vision 
in their predatory activities, here the hemispheres are relatively 
large and normally developed, giving the basal structures upon 
which more complex neural mechanisms of the cortex were later 
developed 


Primitive Tetrapoos 

Narty as radical a change in vertebrate life as that from the 
jaulcss to the javed condition vras the shift from water to land 
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This, however, was not by any means a sudden jump but a senes 
of steps which presumably occurred over a long penod of time 
during the Devonian and Carboniferous The structural and be 
havioral changes associated with this shift seem to be closely 
correlated with the fact that at that time seasonal droughts appear 
to have been an important environmental factor 
The development of lungs in certain fish groups in the 
Devonian was a necessary preliminary to tetrapod evolution 
Fishes with functional lungs are rare today, but the high utility 
of lungs in the Devonian may be illustrated by the fact that m 
such a late Devonian fresh ivater locality as the famous fish de 
posits of Scaumenac Bay. Canada, at least 95 per cent of the fishes 
found were probably lung bearers Use of lungs as accessory 
breathing organs need cause no change of any importance in fish 
behavior, however, it is simply a reflex for surfacing when gill 
oxygen intake is low, due to a stagnant condition of the water 

More radical changes in behavior, however, must take place 
tf adaptation is attempted to survive the more senous stage of 
drought in which the pool or stream dries up completely Under 
such conditions most fishes have no means of survival 5 ome of the 
existing (and fossil) dipnoans solve the problem in a unique 
fashion by burrowing m the mud and estivating until the rainy 
season returns Tlie "progressive so}ution of the problem, how 
ever, was the development, from paired steenng fins, of tetrapod 
limbs 

The crossopterygian paired fins contain ivell-developed skeletal 
and muscular elements, only a moderate degree of enlargement 
and differentiation of the structures already present would be 
needed to turn crossopterygian fins into tiny tetrapod limbs, such 
as those present m the most anaent of knoivn amphibians from 
the late Desonian of East Greenland (Jarvik, 1955) With these 
present, a form othenvue little changed irom a typical crossoptcry 
gian might, if its native pool dried up completely, be able to 
make its way clumsily overland to seek a surviving body of water 

It must be emphaswed that the early suges in the deselopment 
of tetrapods involved no major change in the life habits or be- 
havior of the forms concerned As far as our present knowledge 
goes, the earliest amphibians, despite tlieir possession of tetrapod 
limbs, were still svaicr dwelle«, and further, it uould appear 
that even the ancestral reptiles were sull, like their aossoptcrygran 
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Tdauves and com.m, predaceous eaters o£ smaller ^ 
animal forms m streams and lakes It seas cermmly ong before 
any of them ventured on land to any degree Their food rvas m 
the rater, their home in the rsater, legs ssere merely an accessory 
adaptation to aid them in staying m the svater The neiv neuta 
mechanisms necessary for four footed locomotion ssere obviously 
at first merely superposed on those already present for the ' nor 
mal swimming pattern (and it is of interest that such an am 
phibian as a salamander essentially swims on land, forward pro- 
gression being as much due to body undulation as to positive 
limb movement) 


The Trend to Land Life 

A primitive tetrapod normally lived as an adult in the water 
and reproduced, as did his fish ancestors, in the water In later 
tetrapods there has been a strong trend toward the land both in 
adult life and in reproductive behavior Early tetrapods were 
eaten of animal food, and it was only relatively late that herbiv 
orous habits developed In the initial tetrapod stage, terrestnal 
arthropods would furnish a modest food supply, later, with in 
crease in the variety of terrestnal vencbrates, large predators 
would develop to prey upon their smaller cousins 
Since our ph)Iogenetic interests here he toward the reptile side 
of the pirture, little will be said with regard to trends among the 
amphibians B> Permian times various amphibians were nearly 
compleicl) terrestrial, and today there is a broad spread from 
aquatic to terrestrial types The * normal" reproductive methods 
of their fish ancestors are maintained by familiar frogs, toads, and 
salamanders, but many amphibians tend to eliminate the tadpole 
stage and have direct development with partial or complete 
emancipation from the water 

In reptile evolution, the fossil evidence suggests that the trend 
toward terrestrial reproduction w-as at first stronger than the 
trend toward terrestrial adult life The ‘ invention of the amniote 
egg (which IS definitive of a reptile, as contrasted with an am 
plubian) occurred at a lime in the Paleozoic when a typical adult 
reptile was at the most, amphibious in habits (It is quite possible 
that the ancestors of certain aquatic reptiles of later days, such 
as plesiosaurs and ichtlijosaurs. never passed through a truly ter 
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restnal phase ) The adaptive value of terrestrial reproduction for 
Paleozoic reptile ancestors appears to have been protection against 
drought (in contrast to the situation m modem amphibians, 
where protection against enemies and tadpole competition are 
major factors) The amniote e^ requires internal fertilization 
and in consequence modification of mating habits Parental egg 
care is seen m a number of fishes and amphibians Terrestrial 
egg laying may lead to the development of comparable behavior 
patterns, as seen in the nesting habits of birds, and, apparently, 
of at least some of their dmosaurian relatives A similar develop 
ment of nesting habits presumably took place in the reptile line 
leading to mammals 

Although the first reptiles appear to have been mainly aquatic 
m habits, most memben of the class had become terrestrial tetra 
pods well before the close of the Paleozoic The primitive body 
posture (as can be seen in mounted specimens of early Permian 
reptiles) uas a very awkward one, with the limbs sprawled out at 
the sides of the body Obviously a primitive reptile, on its way 
ashore, had to shift its locomotor pattern from body undulation to 
one in which the limbs themselves furnished the motive power 
Within the reptile groups a variety of further changes took place 
Prominent was the bipedal gait adopted by the great archosaur 
group, to which the dinosaurs belonged, from this condition arose 
the further development of flying, accomplished by pterosaurs and 
birds 

Birds 

To diverge briefly, we may note that with tlie development of 
flight in birds there appeared a whole new senes of complex 
locomotor behavior patterns, and m association with this (perhaps 
developed from beginnings in their archosaur ancestors) mating 
and nesting habits which allow the nestlings to grow physically 
to a stage where successful flight is possible Despite the fact that 
recent work has shown a considerable degree of learning poten 
tialiues in birds it seems clear that m the mam we are not deal 
mg, m nestlings with learning but with the ontogenetic develop- 
ment of inherited instincme behavior patterns This w correlated 
anatomically with the fact that in birds there is negligible pallia! 
development but, on the contrary, an enormous elaboration of 
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the corpus stnatum together ivith the retention o£ a complex 
midbram tectal association center 


Mammal like Reptiles 

In any attempted evolutionary study o£ mammalian behavior it 
must be kept strongly in mind that none o£ the living reptile 
groups IS at all closely related to the reptilian ancestors of mam 
mals The mammal ancestors diverged from other reptile lines 
before the end of the Carboniferous, at a time -when the stem 
reptiles isere apparently still essentially aquatic. The evolution 
of mammalian behavior, hence, took place quite independently 
of that seen in their reptilian cousins 

The mammal ancestors constitute a subclass of reptiles, termed 
the S)*napsida A pnmiti\e subgroup, the Pelycosauna, is char 
actenstic of the late Carboniferous and early Permian, advanced 
types, the Therapsida, flourished in the later Permian and early 
Tnassic Throughout most of their history the synapsids included, 
m addition to side branches, the dominant carnivores of their 
Their general mode of life ivas obviously that of aggressive 
predators, large and small 

The locomotor apparatus of the early pelycosaurs ivtis of the 
crude ^pe desenbed above, the therapsids had become relatively 
swill, four footed runners, approachmg the typical mammalian 
condition m limb struaure and hence presumably in limb func 
tion In cither case these forms appear to have been the most 
speedy animals of their times Skull consiruaion suggests a high 
development o£ oIEaaory ponen There .r httle “ggest.on o£ 
ty ^ ing o£ prey, presumably there seas an overt attack, 

°£ stnall, rep- 

trt^oEmar , ' d^elopment o£ a 

termeSart:!’" 

Early Mammalian Evolution 

and'^Imkin— rtsel*' Triassic the archosaurs— the dinosaurs 

like £orms as do ° “"d supplanted the mammal 

M^or-r^ethe a' o£ the 

lesoroic. The therapsids rapidly dimmished m numbers and dis- 
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appeared completely by mid Mesozoic days, hut some of the 
smaller carnivores of the group survived to evolve into pnmitive 
mammals 

The oldest knotvn mammals appear at about the beginning of 
the Jurassic period From that time to the disappearance of the 
dinosaurs at the end of the Cretaceous — roughly about eighty 
millions of years— our knowledge of mammals is pitifully meager, 
the material mainly consisting of a relatively few finds of teeth 
jaws, and other fragmentary remains We can, nevertheless, draw 
something of a picture of the life led by these forms and of the 
evolutionary progress made during this long period 

The dental characters of most groups of Mesozoic mammals 
indicate that we are dealing with forms which were still carnivores 
in a broad sense, as primarily esters of animal food But all char 
actenstic forms are of small size— typically the size of a rat or 
mouse — so that their diet must have consisted m large measure 
of insects and other small invertebrates Obviously their modes 
of seeking food must have differed considerably from those of the 
dominant carnivores from which they ivere descended Their 
small size relative to their great reptilian contemporaries must 
have further strongly influenced their behavior One may readily 
believe them to have had unobtrusive habits of life not dissimilar 
to those of modem shreivs or the smaller rodents 

But this long period of submergence beneath reptilian domi 
nance was obviously not one of stagnation m structure, function, 
or behavior. At the beginning of this penod members of this 
evolutionary line were just leaving the thciapsid stage, at lU end 
there had evolved not only marsupials but true placentals, ready 
to give rise to the widely radiating types of the Tertiary. 

Bram evolution, and concomitant increase in intelligence, %vas 
obviously marked during this penod, quite surely brain, rather 
than farasm, svas high in selective value The placentals of the late 
Cretaceous and earliest Tertiary were obviously ivell below the 
more progressive modem groups m brain development (the bram 
of the primitive horse £ohippus svas, as Edmgcr has shown, no 
more advanced than that of an opossum) They had, however, 
advanced notably over their reptile ancestors in brain structure 

including the development of a oansiderable ncocortical area 

and, quite surely, m brain hinction 

Strongly influencing mammalian behavior is ihe fact that they 
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have a high and constant body temperature, which enables them 
to maintain their activity almost completely independently ot ex- 
ternal conditions. This is in marked contrast to the situation in 
any other vertebrate group except the birds. There is some sug- 
gestion that thermal regulation had been initiated in synapsids, 
in correlation with their life as active carnivores, but presumably 
most of the associated structural adaptations took place in the 
subsequent history of the Mesozoic mammals. 

Of major importance were reproductive changes — the develop- 
ment of the nursing habit, possibly initiated in the synapsid stage, 
and, subsequently, the shift from egg laying to live birth. As 
shown by its presence in a variety of lizards and snakes, viviparity 
in itself need not greatly influence the lives of forms which prac- 
tice it. The nursing habit, however, had potentialities of the 
greatest interest. It tended strongly to the establishment of a fam- 
ily group, with notable behavioral consequences. Of major im- 
portance is the fact that the continued association of parent 
and young due to the nursing habit marks the beginning of edu- 
cation. Nursing lengthens the period which elapses before the 
young individual must make its own way in the world. Very 
probably an important factor here is that the brain is permitted 
to develop to a maximum degree before it is put to serious use. 
In a bird, as noted above, the function of the nesting period seems 
mainly that of allowing the young bird time to develop physically 
to a point when inherited patterns can be expressed. In the mam- 
mal the nursing period is, in contrast, a time during which corti- 
cal behavior patterns can be acquired through parental training. 
It is perhaps an exaggeration, but not too great a one, to say that 
our modem educational systems all stem back to the initiation of 
nursing by the ancestral mammals. 

Primate Life 

With the extinction of the dinosaurs at the end of the Mesozoic 
there began the great radiation of mammals which is characteris- 
tic of Cenozoic time. It is impossible in any limited space to dis- 
cuss the varied and striking evolutionary developments in be- 
havior which took place in the differentiation of such diverse 
groups^ whales, horses, cats, bats, or rats (to name a few exam- 
ples). Our personal concerns are, of course, with the evolution 
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oE the order Primates from the insectivore stock Here we are 
dealing with a group which except for such aberrant creatures 
as man and baboons is arboreal in nature As has been emphasized 
by many workers the importance in the evolution of human be 
havior of this ancestral arboreal stage can scarcely be over 
emphasized We may bnelly note some of the most significant 
points related to behavior 

1 A general trend away from carnivorous habits {characteristic 
of the ancestors from an early fish stage onward) to a mixed diet 
(and to a dominantly herbivorous one in many primates) 

2 The necessity tor agile locomotion (and an associated high 
development of the motor cortex) 

3 The development of a grasping hand ultimately useful as a 
tool making and tool using organ but equally important m ob 
taming information 

4 A shift from nose to eyes as the most important source of 
Jmowledge of the outer world 

5 A strong trend toward increase in relative brain sue not 
improbably correlated with development of hand and eyes 


Summary 

In metazoans generally complexities m behavior appear to have 
gone hand m hand in considerable measure with the develop 
ment of active locomotion and the essentially concomitant de 
velopment of complex sensory and nervous structures A summary 
of phyletic evolution of vertcbraie behavior is attempted This 
history shows (i) a gradually increasing complexity in behavior 
and (i) marked changes m certain behavior patterns at vanous 
times 

Under the theory of chordatc evolution here adopted the an 
cestraJ types exhibited little behavior except regulation of their 
feeding apparatus from which base evolved the visceral regula 
tion o£ internal affairs in vertebrates by the sympathetic nervous 
system and endoennes The sessile ancestral chordate showed al 

most no somatic behavior in response to external stimuli except 

protective contracting movements With the development of an 
elongate body and tail (and concomitant development of asso- 
ciated sense organs and nervous system) swimming motions were 
initiated which to begin with were simply to bring the feeding 
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mechanism to an appropriate location and, in the case o£ the 
ostracoderms, to maintain it there The need for combatting 
stream currents, and probably for escaping enemies, necessitated 
better aquatic locomotion even at the ostracoderm stage, and 
major advances m aquatic navigation were made concurrently 
with the acquisition of jaiss and predaceous habits Further loco- 
motor stages in our own direction include (i) a shift to a pnmi 
tive type of terrestnal locomotion as the reptile stage ivas attained, 
(2) a change to the mammalian type of running gait in the therap- 
si^, (3) arboreal locomotion, followed by a bipedal return to the 
ground 

The greatest change in food seeking habits lay in the shift from 
passive filter feeding to positive food seeking which took place 
with the acquisition of jaws above the ostracoderm level From 
this point onward through the stages of higher fish, amphibian, 
and mammal like reptiles, the mammal line ran through a senes 
of aggressive carnivores, mamly eaters of other vertebrates— fint 
fishes, later terrestnal reptiles and amphibians (and also, presuma 
bly, msects, etc , in the case of smaller forms) In the Mesozoic 
mammal stage there was a necessary shift to smaller animal roa 
lenals, m pnmates a trend toward vegetable food 
In primitive chordates there was apparently no reproductive 
behavior beyond a release of gametes into the surrounding W’ater 
Mating habits may have first arisen with the entry of early fishes 
into fresh i\’ater The development of the amniote egg required 
internal fertilization with presumably more complex breeding 
behavior, and led to nesting with major behavioral consequences 
m birds Nursing almost inevitably required establishment of fam 
ily life m mammals and allowed the training of the young made 
possible by the parallel development of a brain of mammalian 
type Arboreal life of typical primates has exerted a major in 
fluencc on the behavior of members of the group— man included 
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Part Two 


'Tlie Physical JSasis of Sekavtor 


In one sense, the physical basis of behavior js 
the functional anatomy of the behaving or^msm. 
and especially its sensory receptors and muscular 
effectors A part of the physical basis for the differ 
eni behaviors of a swallow and a bat, both hunting 
insects, IS obviously to be sought in their eyes and 
ears, just as part of the physical basis for the differ 
ence between the hunting of rodents by a snaXe 
and a ueasel is in their locomotory apparatus In 
that sense, the physical basis of behavior is simply 
the apparatus available, with its potentialities and 
limitations But effective use of the literally mil 
lions of behavioral apparatuses demands that each 
be constructed, in the first place, and tlien that m 
use be initiated, controlled, and programmed 
These processes constitute, in a more profound 
sense, the physical basis of behavior, and it is to 
them that we now turn 

A universal physical factor that influences at 
least, the behavior of all animals is chemical It is 
seen most clearly and specifically in die vertebrate 
liQTVCtoii^ and in Chapter 4 this sort o2 control is 
explored through the example of evolutionary and 
comparative male sexual endocrinology It is shoivn 
that the variety of such hormones is not great and 
that some of them have been highly conservative m 
the course of vertebrate evolution Others base 
been more specific, and by the same token have un 
dergone more evolutionary modification Their 
roles are in the development of sexual characteris 
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tics and in stimulating or triggering sexual activity 
They cannot account for Uic astonishing diversity 
of sex behavior m animals, nor for the often elabo- 
rate sequential patterns of sexual activity 

In the vast majority of animals, and particularly 
in all vertebrates, the most essential and also the 
most complex and m>stcnous part of the physical 
basis of behavior is tlic nervous sy'slcm First ap 
proach to this problem, as to so many evolutionary 
problems, is gcnetical In Chapter 5 the genetic 
processes basic for the heredity of behavior, and 
therefore also for the evolution of behavior, arc re 
vievvea It is further demonstrated that behavior is 
indeed controlled — that is, its reaction ranges are 
determined — genetically and that genetics is as per 
tinent and fundamental for the evolution of be 
havior as for the evolution of structure 

Between the genetic factors and the behaving or 
ganisra the processes of development intervene 
Those processes, with special reference to Uie de 
velopment of the nervous system, are the subject of 
Chapter 6 One of the most sinking conclusions is 
that the whole pattern of the nervous system in any 
one species is strongly controlled by inheritance 
and the developmental processes through which the 
genetic system produces us effects Even in the am 
raals of most flexible behavior, conditioning or 
training s^ms to katv JneJe or nofhmg^ to do with 
the structure of the nervous mechanisms concerned 
m behavior Chapter 7 continues with the actual 
anatomy of the brain and with attempts to cone 
late Its structure with behavior as both have evolved 
together in the course of vertebrate evolution 
Good reason is found for serious doubts as to the 
now almost traditional correlations of changing 
bram sue and structure with increasing complexity 
of behavior and capacity for learning It is pro- 
posed, not that no conelation of structure and be 
havior exists, but that the -wrong kind of conela 
tion has been sought 
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Finally in Chapter 8 the vsiious knomj physio 
logical properties of the nervous system are dis- 
cussed. All the ivell-established basic properties are 
shosvn to be extremely widespread, far beyond the 
vertebrates and the origin of definite brains. By im- 
plication, then, these properties are immensely 
older than the complex ^havior patterns of higher 
vertebrates, and the question is therefore raised 
whether the neurophysiological mechankms now 
knoum are adequate as parameters for the most 
complex behavioral systems. 
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Introduction 

Endocrinodoov u the study of the ductless glands and their 
seaetions Ps>chology is the study of behavior Psychoendocrinol 
ogy is concerned with tlie inierreJationships between endocrine 
products and bebasior The major purpose of this paper is to 
consider some of these relationships from the eiolutionary pome 
of view 

Since we know very little about the glandular systems of ex 
iinct animals, the only feasible approach to our objective con 
sisis of comparing the psychocndocrinology of various living 
forms from different phyletic groups This is a standard pro^ 
cedure in comparative anatomy and physiology, and it frequently 
yields suggestive evidence concerning evolutional changes tn the 
structures or processes so compared 
Several obstacles to a complete realization of the aim of this 
paper should be made explicit Endocnnologists have devoted 
much more attention to mammals and birds than to poihilo- 
thermic vertebrates and very little indeed to invertebrates There- 
fore the evidence concerning hormones is uneven A comparable 
bias has charactenzed the psychologist's approach to behavior 
with equally limiting results Finally, it has usually been the case 
that psychologists and endocrinologists have worked independ 
ently The result is that the hormone system and the behavior 
of some species are burly well understood but the interrelations 
of the two remain a matter of speculation 

Because of these restricting circumstances and because of space 
limitations it seems advisable in this review to concentrate upon 
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one pattern of behavior which has been investigated from the com- 
parative point of view. This is the pattern of courtship and mat- 
ing. Studies of the endocrinological correlates of sexual behavior 
have dealt chiefly with functions of the gonads and the hypophysw, 
and we will therefore treat these glands exclusively. Since the 
accessory and secondary sexual characters are often the best indi- 
cators of gonadal function they will also receive consideration. 

The final qualification is that our survey -will be mainly lim- 
ited to evidence concerning male animals. This is entirely a con- 
cession to expediency. To keep the revieiv ivithin the predeter- 
mined limits it has been necessary either to exclude one or more 
phyletic classes or to deal primarily with one sex. The latter 
alternative seems clearly preferable because it provides a broader 
scope and because for most vertebrate groups the psychoen- 
docrinology of males and females is similar. 


Effects of Testis Secretions upon Sexual 
Characters and Behavior » 

The response of the masculine accessory and secondary sex 
characten to testb hormone b common to so many vertebrates 
in every class that it must represent a relationship with an ex- 
ceedingly long evolutionary hbtory. The stimulating effect of the 
same hormones upon sexual behavior b abo observable in ividely 
separated species, but there b reason to suspect several evolu- 
tionary changes in thb function. 


Mammals 

There appear to be no receptions to the rule that the accessory 
sex structures (penb, seminal vesicles, prostate gland, and as- 
sociated duct systems) depend upon testb hormone for their 
normal development and function. These organs fail to mature 
in the absence of the gonads, and tend to undergo regressive 
changes when the adult male b castrated. These changes are re- 
versible, and the accessories can be restored to normal by testb i®* 
plants or by the adminbtration of the appropriate extracts of 
testicular tissue. 


that are not independently docu- 
I ’'**“*^ «utnmanzes a great deal ol the evidence in- 

cluded in ihu article (Beach. ijjS) 
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The secondary sex characters are affected in approximately the 
same way. In the human male congenital hypogonadism pre- 
vents the normal puberal changes such as lowering of the voice, 
growth of axillary, pubic, and facial hair, and assumption of the 
masculine habitus. These changes can be produced by androgen 
therapy. It is well established that the secondary sex characters 
of many other mammals are dependent for their full expression 
upon testis secretions. 

It is generally true that the sexual behavior of male mammals 
depends upon the testis hormone, but the degree of dependence 
varies with the specis. Castrated male rodents and lagomorphs 
show only incomplete and infrequent copulatory reactions to the 
receptive female. They can be stimulated to normal mating ac- 
tivity by androgenic treatmenL 

In contrast, male cats (Levy and Aronson, 1955) and dogs 
(Beach, Jaynes, Rogers, et al., 1956) retain a high degree of sexual 
responsiveness and capacity after castration in adulthood. It is 
especially true of male monkeys (Kempf, 1917). apes (Sokolowsky, 
1953), and humans (Kinsey et al., 194B) that sexual behavior fr^ 
quently survives for long periods after gonadectomy in adulthood. 

It appears that the evolution of carnivores has been different 
from that of rodents and lagomorphs in that the sexual behavior of 
the former has become somewhat less dependent upon testis secre- 
tion. This trend is even more evident in the primates. It has been 
suggested (Beach, 1947) that the shift asvay from hormonal domi- 
nance of the sexual pattern is correlated with an evolutionary in- 
crease in encephalizaiion and particularly neocorticalfration of 
the control of mating behavior. 

Strds 

Berthold (1849) svas the first to demonstrate that the “external 
of mafcrress’* Lf hjnif stc due to sccreliDns firom the testis. 

He castrated domestic cocks and found that the usual regression of 
secondary sex characters such as the comb could be prevented if 
the testis svas grafted into a new and abnormal site svithin the 
abdomen, 

Witschi (1955) has discovered an interesting exception to Bcr- 
thold’s principle. Male African finches of several genera display 
changes in plumage at the onset of the breeding season. The annua! 
change continues unmodified after castration, and treatment with 
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pituiuiy extracts reveaU that the effective homiones ate seaeted 

by the hypophysis. . 

As far as masculine sexual behavior is concerned it is clear that 
the bird is heavily influenced by hormonal factors. Carpenter 
(1933) reported that castration greatly decreases the frequency o 
copulation in male pigeons, and comparable effects have been de- 
scribed for the ruff (Oordt and Jung, 1936), turhey (Scott and 
Paynes, 1934), and domestic chicken (Goodale, 1918). According to 
Manhall (1954) male bower birds do not build botvers or court 
females if castrated before the breeding season, and when the opera- 
tion is performed at the height of the season males lose interest in 
the female and fail to keep the bower in repair. 

Reptiles 

There have been relatively few studies of hormonal factors affect- 
ing the sexual behavior of reptiles, but such evidence as is a\'ailable 
clearly implicates the testis. 

Castration is reported to eliminate mating responses in the male 
skink (Reynolds, 1943), and the same effect has been found to 
occur in the American chameleon (Noble and Greenberg, 1940). 

Amphibians 

The development and maintenance of secondary sex characters 
in some male urodeles and anurans appears to depend upon testis 
hormone, for these structures exhibit regressive changes after cas- 
tration (Gallian, 1955)- Exceptions probably exist, since there is 
some evidence suggesting a direct ^tion of hypophyseal hormones 
upon the nuptial pads of male toads of certain species (Gorbman, 

1941)- 

It is reasonably certain that castration before the breeding 
season prevents the appearance of mating behavior in male frogs 
(Schrader. 1887: Nussbaura, igos.Baglioni, ign; Noble and Aron- 
son, 1942)* Less certain arc the immediate consequences of gona- 
dectomy during the mating period. Several early workers claimed 
that no behavioral change occurs under such conditions (Goltz, 
1869, Tarchanoff, 1887), but Gallian (1955) states that urodeles 
show regression of the “psychoscxual reflexes” following castration, 
an can ^ restored to normal by testicular grafts. Houssay (i 954 ) 
reports the loss of the "sexual embrace” in male toads after castra- 
Uon and refen this to disappearance of testis secretions. 
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Fishes 

According to Dodd (1955) testis hormone controls the secondary 
sex characten m the great majority of finshes Grobstem found that 
testicular seaetions are essential for transformation of the anal fin 
into a gonopod in the platyfish (1942) 

The importance of the testis with respect to sexual behavior in 
fishes IS not clear Jones and King (Aronson 1957) Teported that 
the male Salmo salar loses interest in the female after castration 
but castration does not prevent courtship and spawning in Balky 
gobius (Tavolga 1955) or m the jewel fish {Noble and Kumpf 
» 936 ) 

In at least some fishes pituitary hormones seem to influence mat 
ing activities without intervention of the testis For example al 
though castration does not eliminate spawning behavior in Bathygo 
bius, hypophysectomy does (Tavolga 1955) It causes regression 
of the testes in Fundulxts, but hypophysectomued males exhibit 
spawning reflexes 30 seconds after an injection of posterior pituitary 
extract Androgen will not elicit this reaction but it can be in 
duced with synthetic oxytocin (VViIhelmi Pickford and Saivyer 
> 955 ) 

CoMfosiTtoN OS Testis Secretions in 
Different Species 

It is well within the bounds of possibility that the chemical 
composition of the testis hormone has changed in the course of 
evolution but comparative evidence suggests a surprising degree 
of similarity 

Androgenic Character of the Testis Hormone 
David (1935) isolated a chemically pure substance from the 
mammalian testis and named it testosterone Purified forms of 
testis secretions have not been isolated in any other vertebrate but 
imting in 1942 Moore could say 

We do not know that this substance is secreted by the testu 
of man or any other vertebrate as the testu hormone nor do 
we know whether different vertebrates produce the same or 
a different substance as thu hormone in fact we may say that 
we do not yet know with any certainty what the testu hormone 
really u or ivhether more than one substance u normally 
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produced With testosterone and its compounds, however, 
can within limits restore all knoivn changes resulting from 
castration in any species oE mammal, or prevent their deve op- 
ment after castrauon The same substance is cfFective in mam 
taming structural and behavioral characteristics normal to the 
males of birds, reptiles and amphibians, and it is a good sub- 
stitute for the testicles of man We can feel assured, therefore, 
that whatever the testis hormone is, it must be at least similar 
m Its actions to testosterone or some of its compounds (p 38) 

It might be expected that the genetic changes involved in evolu 
lion would have included modification of the hormone system or 
of systems responding to hormones It is known that such effects 
do occur For instance, genetically different strains of mice vary m 
their reactivity to cortisone (Ragg and Speirs, 1952) Feral and do- 
mestic rats differ m their adrenocortical requirements (Richter, 
Rogers, and Hall, 1950) Casida, Casida, and Chapman (1952) 
selective breeding developed two strains of rats which differed m 
the ov-arian response to sundard doses of equine gonadotropin 
Regardless 0! any evolutionary modification of testis function. 

It is clear that the male gonad of many vertebrates secretes an 
drogenic material Colltas (1950) states that the testis of the do- 
mestic cock produces androgen According to Dodd (1955) ^ 

large majority of fishes the testis hormones are definitely andro- 
genic Bretschneidcr and Duyven^ de Wit (1947) believe that the 
sex hormones of fishes are different from those of mammals, but 
Hoar (1955) feels it is reasonably certam that some fishes secrete 
androgen He observes that there is a good deal of evidence sug 
gesting similantj in the testis hormones of teleosis and mammals 

Effects of Mammalian Hormone on Different Species 

Arguments favoring the similarity of gonadal hormones m dif 
ferem speaes are strengthened by the fact that testosterone, which 
has been identified m mammals only, can serv e as a reasonably ef 
fecuve replacement for the tesucular hormones of many different 
speaes from vanous classes In all mammals that have been m 
vestigated testosterone propionate stimulates the accessory and 
secondary sex charaaers of prepubcral males or castrated adults 
Any behavioral change caused by castrauon can be reversed by ad 
minutrauon of testosterone 

The same hormone is remarkably effective m birds Male chick 
ens only a lew days old exhibit the adult cock’s matmg pattern 
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when treated ^vuh testosterone propionate (Noble and Zitrm, 
1942) Testosterone acetate induces couruhip and copulation in 
castrated cocU and pheasants (Roussel, 1936) Capons exhibit nor 
mal mating reactions after several injections of testosterone pro- 
pionate {Domm, Davis, and Blnais, 1942) Castrated bosver birds 
duplay and erect bowers at any time of year if treated with this 
substance (Marshall, 1954) 

Reptiles are also responsive to mammalian gonadal hormone 
Treatment of castrated male skinls with testosterone propionate 
restores the sex accessories to normal condition (Reynolds, 1943) 
The castrated male American chameleon shoivs normal maung 
behavior when guen the same hormone (Noble and Greenberg. 
• 940 ) 

We have found feiv accounts of the effect of testosterone on 
breeding behavior m amphibians but Blair (1946) reports appear 
ance of Uie adult male warning chirp in juvenile toads injected 
with testosterone propionate He also notes that the secondary and 
accessory sex structures were stimulated by the hormone Accord 
ing to Greenbcig (1942) testosterone propionate causes develop- 
ment of the sex characters in the male cricket frog outside of the 
breeding season Houssay (1954) found that testosterone revived 
the mating clasp m castrated toads only if it was administered m 
combination with pituitary extract 
Even lislies are affected by the testis hormone of mammals 
Testosterone causes growth of a male like gonopod in female gam 
busia (Turner and Carr, 1941)' 3 "^ *hc platyfish (Grobstein, 
1942) Secondary sex characters of the male African raouthbreeder 
fish regress after castration, and this change can be reversed by in 
jections of testosterone propionate (Levy and Aronson, 1955) To 
date no investigator has reported the induction of sexual behavior 
in fishes by exogenous androgen treatment, but this is not surpris 
ing since the hormonal factors normally involved have not yet been 
clarified 

Dodd (1955) states that the secondary sex characters of cyclo- 
stomes can be stimulated by mammalian hormones although at 
present nothing is known concerning the production of comparable 
secretions by cyclostomes 

Conclusions concerning Functions of the Testis Hormone 
The eudence is fragmentary, bur a few tentative conclusions 
can be formulated concerning evoluuon of certam relationships 
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between testis Eunction and morphological and behavioral char 
acters 

It appears that control oE the sex accessories by testis sccrctmiw 
represents a relationship as old as the vertebrate phylum The 
capacity oE gonadal hormones to stimulate secondary sex char 
acters must have appeared quite early in the history oE the verte 
brates but we are conEronted with the fact that pituitary secretions 
also serve this Eunction in some modem amphibians and birds 
Since gonadal control is so much more common it might be sug 
gested that shiEts to dependence on the pituiury represent cases oE 
later specialization 

The influence oE testis hormone upon sexual behavior is quite 
evident in lower mammals, birds, and reptiles Most o£ the cvi 
dence mdicates that a comparable relationship exists m amphibia 
It is fairly certain that mating responses m at least some fishes arc 
dependent upon the pituitary and independent of the gonads This 
may represent the ancestral condition from which terrestrial verte 
brates have diverged Or it may be that the few piscian species 
which have been examined are cases of evolutionary specialization 
A choice between these alternatives will remain difficult until more 
species are studied 

Although the composition oE the testis hormone is knoivn only 
for some mammals it seems probable that the gonadal secretions 
ol mammals, buds, and reptiles arc at least closely similar, for 
testosterone is an effective replacement for the homologous hor 
mone in species from each of these classes The known effects of 
testosterone upon amphibians and fishes are limited to its capacity 
to stimulate the sex accessories and secondary sex characters, but it 
IS generally agreed that ihe testes of animals in these two classes 
secrete androgenic hormone Taken as a whole the data clearly 
suggest that the capacity of the male gonad to produce androgen is 
as old as the testis itself. 

Gonadotrophic Functions of the Hypophysis 
Nature of the Pituitary Gland in Different Vertebrates 

The pituitary gland is present in all vertebrates and probably 
aluays been a basic structure throughout vertebrate evolution 

This gland IS well developed in cyclostomes (Dodd 1955) It has a 
complex structure in the lamprey Highly diversified changes have 
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occurred in Pisces but the gland is fairly standardwcd in all other 
vertebrates (Gorbman 1941) 

The mammalian pituitary secretes several hormones among 
ishich are isvo gonadotrophic hormones LH (hi teiniaing hormone) 
and FSH (folhcle-stimulating hormone) and a thyrotrophic hor 
mone The production of gonadotrophins is associated with activity 
ofaparticulartypeof basophrlein theantcnorlobe whereas thyro 
trophm IS secreted by a different type of cell Atz (1953) has identi 
Bed tlie same two kinds of basophiles m the transitional lobe of 
the fish pituitary That they are functionally as well as histologically 
similar is suggested by Atzs finding that one kind of basophile 
reacts to Uiyroid hormone and the other to gonadal hormone 
Fiinctt 07 ial Relations between Ptlutlary and Gonads 

Gonadotrophic hormones secreted by the mammalian pituitary 
control the production of testicular androgen and thus indirectly 
affect behavior Tlicy also regulate the process of spermatogenesis 
This combination of effects is typical of all vertebrates thus far m 
vestigated The gonadotrophic potency of the avian pituitary has 
been demonstrated by several workers (Colhas 1950) 

Studies on reptiles are summanaed by kehl and Combescot as 
follows All results are m accord with the general conception of 
a unified process in the liypophyseal sexual endocrinology of the 
icrfcbrates (1955 p. 71) 

Smith {1955) states that the control of gonadal condition by the 
amphibian pituitary is firmly established It is known for exam 
pie that pituitary extracts from the adult frog have a stimulating 
effect on the testis of newly metamorphosed individuals (Schreiber 
and Rugh 1945) Oordt and Oordt (1955) found that spermato 
genesis m two species of frogs depends upon gonadotrophins 

In fishes a similar relationship appears to hold The testes of 
Fundulus regress completely within tivo weeks after hypophysec 
tomy (Pickford 1953b) Several investigators have succeeded tn 
stimulating the gonads of fishes by administration of fish pituitary 
material (Berkowita 1941b) The testes of the dogfish an elasmo- 
branch regress as a result of pituitary removal and can be restored 
to normal condition by treatment with dogfish pituitanes The 
same is generally true of teleosts according to Dodd (1955) 
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Interspecific Effectiveness of Gonadotrophins 

The gonadotrophic hormones are proteins and have not been 
chemically analyzed. We can nevertheless arrive at some estimate 
of their similarity in different species on the basis of experiments 
on interspecific transfer. Consideration of similarity or difference 
in the effects of gonadotrophins from different species may sug- 
gest tentative conclusions concerning evolutionary changes in 
pituitary function. 

It is known that the hsh pituitary performs the functions of 
FSH and LH, although the hormones involved remain to be iden* 
tiffed. They cannot be highly species-specific because pituitary 
material from a wide variety of fishes will induce precocious sexual 
development in any family of teleosts (Hoar, 1955). According to 
Dodd (1955) fish gonadotrophins arc almost equally active in all 
teleost families and orders. 

Interclass transfers are sometimes effective. Thus pituitaries taken 
from bullfrogs at the height of the breeding season stimulate testis 
growth in immature chicks (Keaty, 1942). Gonadotrophiiu of mam- 
malian origin have been administered to a variety of vertebrates. 
The testes of immature c)'dostome$ arc stimulated by mammalian 
gonadotrophin (Dodd, 1935 )- Although the pituitaries from other 
vertebrate groups tend to be less effective in fishes, mammalian 
gonadotrophins are capable of evoking secretory function in the 
teleost gonad. This is true for example of the immature male 
guppy, which shows precocious testis growth and development of 
secondary sex characters when injected with gonadotrophins 
derived from mammals (Berkorvitz, 1941a). 

Other classes appear sensitive to mammalian pituitary secretions. 
Adult toads respond to mammalian gonadotrophins with imme- 
diate sperm release and an increase in intentitial cells of the testis 
Klomp, 1946). The same substances administered to 
the domestic chick produce an increase in testis weight and induce 
the secretion of testis hormone (Shockaert 1933) 


Evidence for Species Specificity 

If Ae pituitary hormones from every vertebrate species were 
found to be completely interchangeable with those of every other 
spraes It might be concluded that no changes in pituitary function 
had occurred during the evolution of the vertebrates. This is not 
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the case, and as early as igag the concept of zoological specificity of 
some of the pituitary hormones t*as proposed (Houssay, Guisii, and 
Lascano-Gonzalcs, 1929) 

It should be noted that direct evidence is lacking because no 
chemical analj-ses ha\e been made If pituitary materia! from a fish 
finis to affect the amphibian testis there is a possibility that the 
difference lies in the testis rather than in the hormone Neverthe 
less IV c ivould ejcpcci the honnones to vary because they arc pro 
teins, and corresponding proteins vary e^en between closely related 
species (Gorbman 1911) 

For example, die concentration of ribonucleic acid u much 
higher in liver cells of the rat than in those of die guinea pig (Camp- 
bell and Kosterhtr, 1955) It is knoivn also that pure lactogenic 
hormone from the cow has a different ammo acid content than that 
from the sheep (Gorbman, 1941) 

Tlic concept of species differences in gonadotrophic secretions 
IS supported by studies of antihormone formation which m com 
bmation with other evidence led Greaser and Gorbman to con 
dude that ' the effectiveness of a gonadotrophic hormone in a for 
eign species tends to vary directly with the phylogenetic proximity 
of dicdonorand the rcciptcntspecies” (1939 p 161) 

The weaver findi test devised by Wns^i (1955) shoivs that the 
level of FSH is relatively the same between different vertebrate 
classes but LH concentration vanes considerably even wthin 
the same class For example, the ratio of FSH to LH ranges from 
I 1 in man to i 1,000 m cattle In general it seems that the FSH 
content of the anterior pituitary 1$ higher m homoiolhermic than 
in poikilothermic vertebrate 

There are several indications of qualitative differences m die 
gonadotrophic secretions of different vertebrates Das and Nal 
bandov (1955) have suggested that the avian hypophysis secretes 
three rather than two gonadotrophins They point out that im 
plants or injections of mammalian pituitary will maintain testis 
secretion in the hypophysectomi/ed cock only for a limited period 
of time (Nalbandov, Mayer, and Mt 5 han 1951) This is due to 
die fact that mammalnn gonadotrophins can cause the existing 
Lcydig cells to secrete androgen but they fail to stimulate the pen 
odic maturation of new generations of Leydtg cells In contrast, 
treatment of the bypophysectomued cock with chicken pituitary 
ensures normal lestu function for an indefinite period 
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Conclttsions regarding Evolutionary Changes 
in Pituitary Function 

There is no doubt that the nature of the hormones secreted by 
the pituitary gland has changed dunng the course of vertebrate 
solution These changes have quite probably been more 
nounced than those occurring in the secretory function of the 
testis 

It is clear at the same time that, although pituitary gonado- 
trophins exhibit demonstrable degrees of species-specificity, they 
are far from being completely unrelated Interchangeability is ap- 
parently unrestricted iMthin a class, and many interclass exchange 
are at least partially effectit e 

As has been pointed out, partial or incomplete interchange 
ability may isell rehect evolutionary changes in target tissues as 
isell as in pituitary function The influence of genetic changes 
upon tissue response is nicely illustrated by the feet that strains 
of rats diSenng in ovanan reactions to a standard dose of gonado- 
trophin can be created by selective breeding (Casida, Casida, and 
Chapman. 1952) 

In certain cases it is apparent that entirely nets target organs 
hate esoUed and have come under the control of pre-existing 
glandular secretions For example, a particular hypophyseal hot 
monc IS knoisn to control melanophore expansion in fishes That 
hormone also occurs in pigeons and dm es, but in this case it affects 
the functional doelopmcnt of the crop sac Finally the same hor 
mone is produced by mammals and governs the process of milh 
secretion, for tshich reason it 15 knmvn as "prolactin” (Gorbman, 
»940 

In somei\hat similar fashion the luteinizing hormone of the an 
tenor pituitary appears to ha\c functioned originally m the m 
duction of ovulation This is a general and ancient function seen 
in both lm\er and higher \cncbtates In some classes, notably rep- 
tilia and mammalia, ovulation is folloi\cd by the formation of 
corpora lutea sMihin the os'ary As this nei% organ, the corpus lu 
icum, c\oUcd It came under the control of LH, with the result 
that this hormone is essential to the groivih and functioning of the 
corpus lutcum in modem rcpules and mammals {\Viischi, 1955) 
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Neural Control of Pituitary Function 

We have seen that the stimulating influence of testis hormone 
upon sex characters including behavior is extremely widespread 
among the vertebrates and probably reflects a relationship of true 
evolutionary antiquity. S'milarly it has been shown that secretory 
activity of the gonads is controlled by trophic hormones produced 
by the hypophysis in all vertebrates that have been examined. It 
remains to consider some of the factors which in turn govern the 
functions of the anterior pituitary. 

Among the most interesting and widespread of these factors are 
impulses which originate in (he ners-ous system and are trans- 
mitted to the hypoph)’sis via the hypothalamus. Connections be- 
tween the pituitary and the hypothalamus probably exist in all 
vertebrates. At any rate in all species that have been studied hypo- 
physectomy results in degenerative changes within the preoptic 
nucleus (Palay. 1953). 

Many other lines of evidence point to the conclusion that hypo- 
thalamic function alF^cts the pituitary. Ovulation in the rabbitand 
cat depends upon LH secretion and release, and this in turn de- 
pends upon neural factors. Ordinarily the inciting stimuli are asso- 
ciated with coition, but ovulation can be induced artificially by 
electrical or chemical stimulation of the hypothalamus. Neither 
the natural nor the artifidal stimulus is effective if connections be- 
tween the hypothalamus and pituitary have been disrupted by 
transection of the infundibulum (Harris, 1955). 

Most dramatic are recent findings that when the pituitary gland 
of a male rat is transplanted into the sella lursica of a hypophysec- 
tomized female it is capable of maintaining normal estrus cycles 
(Harris. 1955). This suggests that the characteristic rhythm of FSH 
and LH secretion may be imposed upon the hypophysis bya central 
nervous mechanism. 

It is well established that several aspects of the pituitary's 
gonadotrophic activity are regulated at least in part by enriron- 
mental stimuli, and this of necessity implicates the nervous sys- 
tem. For example female rats normally come into full estrus be- 
tween the hours of S:oo and 12:00 p.m. (Ball, 1937) but they can 
be caused to do so in the middle of the solar day if the light-dark 
cycle of their environment is artificially reversed (Beach, 1938). 

More extended rhythms of pituiury activity are also timed by 
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extemal changes Some annual breeders become fertile and sex 
ually zctv> e m early spring and others do so in the fall The ph)’Sio- 
logical changes ivhich prepare males and females for breeding are 
m many instances known to depend upon seasonal change in 
mean temperature, in the amount of rainfell, or in the amount o 
daylight per 24 hours (Beach, 1948) For many species the seasonal 
timing of mating has adaptive significance for it maximizes the 
probability that the young will hatch or be bom at a time of )ear 
rshen the external conditions are optimal tor their survival Thus 
environmental control of pituitary acmity and indirectly of gon 
adal function and mating behavior is of considerable evolutionary 
importance, and it is significant that such relauonships occur in 
every vertebrate class 

One other type of external stimulation v,hich mfiuences the 
gonads and sexual activity by induang changes in the pituitary 
involves the proximity and behavior of other individuals of the 
same speaes It was noted above that the ovulation of some mam 
mab is induced by stimuli denved from coitus It can here be 
added that npenmg* or recrudescence of the gonads pnor to 
fertile matmg depends m some speaes upon exteroceptive stimuli 
provided by a potential sex partner or at least a second individual 
Aronson (1945) has shoivn that the female African mouthbreeder 
fish rarely digs a nest or Ia)s eggs unless she can see another mouth 
breeder Matthews (1939) found that isolated pigeons are unlikely 
to ovulate but vs ill do so if they can see their oivn image in a mir 
Tor, the presence of a courting male proves an even more effective 
stimulus According to Marshall (1954) the courtship behavior of 
the male boiser bird is elaborate and prolonged m some speaes 
and sen es to bring the watching female into full reproductive con 
dition, thus promoimg ferule mating 
There are mdications that comparable relationships may char 
acteme the reproduaion of some seasonally breeding Tpammals 
The spnng groiMh of os-anan follicles m ranch bred mink is no- 
Uccably retarded in females that are geographically separated from 
others of their kmd (Enders 1952) It is generally believed that 
cattle vshich are permitted to run with the bull tend to come 
on season earlier m the sprmg than females in sex-segregated herds 
Any mechanism that promotes synchronization of pairing be 
havior contributes to the occurrence of fertile union and is there 
fore of adaptive value Smee v%e can find examples of social or 
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partner control of reprodoctivc physiology among fishes birds, 
and mammals, u may v, ell be that the chain of external stimulus 
brain activity pituitary secretion — > gonadal ripening and secre 

tion mating behavior is of considerable evolutionaiy antiquity 

Behavioral Differences between Groups 

When the student of reproducave behavior attempts to com 
pare the overt responses which constitute courtship and mating 
in fishes, amphibians, reptiles, mammals, and birds, he is con 
fronted with a range of differences besides which endocrinological 
vanstions seem insignificant Many such comparisons fail to reveal 
any common element except for the eveniual union of gametes 

Within certain classes mtetgenenc variations are as radical as 
are interclass differences The sexual patterns of different fishes m 
dude mass spawning without courtship or pairing, m pelagic forms 
such as the herring, brief courtship with internal fertilization, in 
the snordtail and guppy, and extended reproductive unions with 
oviposition followed by mutual parental care of the eggs and young, 
as in the jewel fish 

Among amphibia a common mating pattern involves amplexus 
by the male and simultaneous emission of eggs and sperm This is 
characteristic of Jiana and Bufo In some salamanders, howeser, 
the male deposits spermatophores which are later engulfed by the 
female’s cloaca 

Birds also exhibit pronounced species differences m the form 
or pattern of sexual relations Marshal! (1954) has noted consider 
able interspecific variation within one genus or bower birds Col 
Ijas (1950) pointed out that such variability extends even to single 
elements in the total picture For example, male birds of many 
species vocalize in characteristic svays dunng courtship But the 
sounds produced are quite species specific They consist of crow 
ing in the domesic coch and valley quat), booming in the prairie 
chicken, snap-hiss in the black-crowned night heron distincuve 
calls m the laughing gull and hemng gull, whistling in the red 
headed duck, purring or cooing in the nng dove and pigeon, and 
singmg m the canary, chaffinch, and bramblmg 

It IS of primary importance to recognize that these widely differ 
enc types of behavior are all produced by androgen, possibly by 
testosterone, and that the same hormone induces the deselopment 
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o£ other secondary sex characters and mating behavior in many o£ 
the species mentioned (CoUias, 1950). This observation suggests the 
conclusion that evolutionary changes or phyletic differences in sex- 
ual activities arc due not to genetic modifications of the endocrine 
system but to alterations in other physiological factors which con- 
trol behavior. 

Evidence provided by the study of mammalian forms is in ac- 
cord with this working hypothesis. Reed’s description (1946) of 
mating behavior in more than forty species of small mammals re- 
veals pronounced differences in the patterning, timing, and fre- 
quency of coital and precoital activities. It is further known that 
typical sexual performance can be evoked in immature, out-of- 
season, or castrated males of many mammalian species by adminis- 
tering appropriate amounts of testosterone (Beach, 19 jS)- Once 
more the indicated conclusion is that interspecific differences in 
sexual performance cannot be referred to presumed hormonal 
difierences but must reflect evolutionary modifications of some 
other feature or features of the behavioral machinery. 

If we seek to identify the mechanisms which are responsible for 
the behavioral differences under consideration we are led quite 
soon to consider the centra! nervous system and its role in the 
mediation of behavior, sexual and otherwise. More broadly, per- 
haps, one should examine all organs upon which hormones appear 
to exert any effects that eventually can be expressed in behavioral 
terms. For instance, the variability of courting vocalizations among 
bird species undoubtedly is due in part to differences in the struc- 
ture of the sound-producing apparatus. Similarly the copulatory 
patterns of the Canidae and Felidae are different partly because 
of differences in geniul anatomy. 

Of peatest importance, nevertheless, are interspecific differ- 
ences in those central nervous mechanisms %vhich mediate sexual 
arousal and its overt expression. Unfortunately knowledge as to 
t le 1 entity o these mechanisms and their functional character- 
.sues embarmsmgly There are reasonably definite in- 

d.cauons that they differ in males and females. For example sexual 
^itOTem m male rats seems to depend upon the cerebral isocor- 

of tho “""O 

secies (Beach, 1944). Furthermore, certain areas of the neocortex 

contributions to or- 

gan.rauon of the co.tal pattern in male cats (Beach, Jaynes, and 



E^OLLTlONAnY ASPECTS OT PS'iCHDENDOCniSOl OGY 97 

Zitrm, 195G) but this does not hold true in male rodents such as 
the rat {Beach 1940) 

Considering mammals only, it has been suggested (Beach. 1947) 
that evolutjonarychanges in the direction of increasing corticahza 
tion oE sexual functions seem to be associated with increasing com 
plexiiy ami modifiability of the individual s sexual patterns, and 
also with a decreasing reliance upon gonadal hormones for sexual 
activation and performance This does not imply that evolutionary 
divereification within the class has involved profound changes in 
the pituitary and gonadal hormones themselves but rather that 
the sensitivity and dependence of neural mechanisms upon the en 
docrine secretions has undergone alteration 


G£N£Ral Conclusions 

It IS only reasonable to assume that some differences exist in the 
pituitary and gonadal hormones of the various vertebrate classes 
Nonetheless die testis secretions of many if not all species of verte 
brates are androgenic and serve the same functions namely stimu 
lation of the sex accessories and secondary sex characten including 
behavior Furthermore a considerable degree of similarity must 
exist because a single mammalian hormone, testosterone, produces 
androgenic cffecu m at least some representatives of every class 

In contrast to the apparent evolutionary consistency of testis 
function the behavioral end products of androgenic stimulation 
vary tremendously between classes and sometimes even within gen 
era It is obvious that this variability cannot be explained in tenns 
of phyletic differences in endocrine constitution A much more 
likely interpretation is that the responsible changes have taken 
place m other physiological systems upon which hormones tend to 
exert their effects A prime candidate for intensive consideration 
and study is the nervous system 

In general our review of the evidence pertaining to hormonal 
facton in masculine sexual behavior tends to support the following 
statement by Medawar ‘endocrine evolution is not an evolution 
of hormones but an evolution of the uses to which they are put. 
an evolution not to put it crudely, of chemical formulae but of 
reactivities reaction patterns and tissue competences (1953 p 

334) 
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Genetic Basts of Behavior 


Ernst Caspari 

VEStEVAN VSHEttllTY 


The term * genetic" is used m a different sense by biologists and 
psychologists For the biologists it means the control of a charaacr 
by genes, ishich is demonstrated by breeding expenmenu Tlie 
psychologist employs it for the appearance and development of a 
character during individual hfe, a type of study for which onto- 
genetic" IS frequently used by biologists In the present chapter 
the term will be used m its biological meaning The topic may 
therefore be stated by posing the question, whether and how genes 
control behavioral characters, and how the genetic control of be- 
havioral characters will affect their changes tn the course of evolu 
tion 

The definition of the gene concept has been under some dis 
pute recently This dispute does not concern us here since it deals 
with the structure of genes at Uic molecular level Tlicrc is general 
agreement among geneticists that genes arc situated m the chromo- 
somes of the nucleus Furthermore the chromosomes are longi 
tudinally differentiated, and gene mutations at a particular locus 
of the chromosome will lead to characteristic phenotypic clianges 
which will be identical or will at least affect the same characters for 
different mutational events affecting the same locus It is concluded 
from these observations that a particular locus m the nonmutated 
state has a certain function which is affected by the mutation Tlie 
term 'gene is therefore an expression for the established fact that 
different loa on a chromosome have different physiological func 
tions The laws of the distribution of genes m ctosscs (the Men 
dchan rules). linkage, and aossmg over are reflections of the be 
hav lor of the chromosomes at meiosts and fertilimtion They are of 
importance for pr«ent consideration only insolar as they deter 
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mine the transmission of chromosomes from generation to genera- 
tion and therefore form the basis of evolutionary considerations. 


The Action of Genes 

The genes are, then, functionally differentiated portions of the 
chromosome, and consequently of the cell nucleus. Every higher 
animal contains one pair of each kind of genes in the nucleus of 
every one of its cells. The primary activity of genes must therefore 
be assumed to be intracellular: in some way every gene affects the 
cell in which it is situated in a characteristic way. The function of 
most loci seems to be necessary for the life of the cell; Demerec 
(1934) bas shown that most deficiencies, i.e. small losses of genic 
material, are lethal for the cells which carry them in homozygous 
condition. The nature of this necessary primary activity of the 
genes in the cell is not known. But it is generally assumed that it is 
of biochemical nature and may consist in the conferring of spec- 
ificity on enzymes, proteins, or antigens. From the point of view 
of this discussion, the important fact is that a substitution of one 
allele for another at one particular locus results in an effect on a 
specific character, frequently a specific metabolic step. This is 
borne out by many studies of microorganisms, particularly the 
mold Neurospora. All mutations observed affecting a particular 
metabolic step have been found to be alleles, i.e. to be due to 
eventt at the same locus. Similar specific chemical effects have been 
tound for specific loci in insects and in plants. It may therefore be 
assumed that the function of every locus in a chromosome is highly 
specific, possibly controlling one single biochemical reaction step. 
, sU , ® of development, the original fertilized egg cell 
^ ® organism. The genotype in 

. biochemical activities, and in this way 

This is a very general 
rS Thn,', t! the differentiation of cells 

become Senes in their nuclei, 

encrarruTualf"'"' a These tissue difter- 

™cLrirm d “ determined by the cytoplasm. But the 

this u^av affert tb. „ j”' assumed that genes may m 

aaivitv such a. b “ctron of substances with morphogenetic 
ea.v.ty. such as hormones. alOtough little experimental material 
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bearing on this point is a\'3ifablc There exists furthermore cvi 
dcnce that genes control the ability of cells to react on morpho 
genetic stimuli — their competence There may be other mecha 
nisms by which genes can a^ect developmental processes At all 
esents it may be stated that the primary intracellular effects of 
genes express themsches in higher animals m the activity of the 
cells during deic/opment leading to phenotypic results These re- 
sults, as far as different alleles at a particular locus are concerned, 
arc again highly specific, reflecting in this way the speaficiiy of 
geme action at the cellular level Tlie actual effects of a locus on 
the development and structure of particular cells will depend on 
the role the reaction controlled by the gene plays m the develop- 
ment and function of this particular cell For instance if a locus 
controls the formation of a particular pigment, all cells able to 
form this pigment may be visibly affected by gene substitution at 
this locus, while other cells are not The mechanism that decides 
v^ hich cells are able to form the pigment and which ones are not is 
unknoivn, though u is established that it is m turn under the con 
trol of genes 

In spite of the specificity of the primary gene action all genes 
affect a number of characters This plienomcnon is known as 
pleiotropism Gruneberg (1038. igi3) m discussing pleiotropic 
gene action in the mouse has postulated that all genes act primarily 
on one specific process and that the other effects are secondary, 
being developmentally influenced by the first process Pleiotropic 
manifestation of genes is assumed to be due to disturbances in the 
interaction of different pans m the developing embryo 
Pleiotropism occurs also at the intracellular and biochemical 
level If a certain metabolic step is blocked the precursor is not 
converted into the normal product and must be either stored or 
converted by an alicmaic metabolic pathway In either case anew 
biochemical equilibrium becomes established (Caspan 1952) 
Pleiotropism at the cellular and at the embrj'oJogicaJ level is 
due to related principles Both cells and the developing embryo 
constitute integrated systems and it is impossible to interfere with 
one process m an integrated system without at the same time af 
fecting secondarily^ a number of other reactions It is Uierefore 
astonishing that in all cases of gene substitution a large number of 
characters and processes are nol affected by the changes in the sys 
tem in ocher words, that the whole mechanism is not thrown out 
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o£ order Actually it frequently is. and this giv es nse to lethal genes 
causing death of the cell or of the organism Still, many 
genes are not lethal, and many organ systems are not affected by 
the majonty of genes 

This fact IS explained by staling that the biochemical and cm 
bryological processes proceed under a "margin of safety, that they 
are ' buffered " The expression most frequently used for this phe 
nomenon is Cannon's {1932) term, ‘ homeostasis ’* This onginally 
referred to the regulatory mechanisms present at the lesel of the 
physiology of the tv hole organism At this level regulatory mecha 
nisms, particularly of the feedback type, have been known for a 
long time These mechanisms have been extensively investigated 
and arc known to be frequently of a hormonal or nervous nature. 
The mechanisms of homeostasis on the developmental and bio- 
chemical level are not so well understood, although m the latter 
case alternate pathways for the metabolism of a single precursor 
substance maybe assumed to play a role It is, however, well estab- 
lished that on the genotypic level horaeostauc mechanisms exist 
(Lcmer, 1954) It should be emphasized that the mechanisms of 
homeostasis at different levels of integration are different. 

It should not be assumed, from these considerauons, that 
genetically determined characters arc independent of the environ 
ment The opposite is the case Dev’elopmental processes, though 
under genetic control, are influenced by the environment, and the 
resulting phenotype is the product of both genes and environment- 
The mteraction is not simple Many cases are knov/n in which a 
particular gene has different phenotypic effects in different en 
vironmenis In other words genes control the * reaction norm ' of 
the organism to environmental conditions 
Different phenotypic characters appear to be buffered to a differ 
cnt degree Those that are well buffered will be influenced by rela 
lively few genes which affect processes more or less closely re 
lated to the development of the phenotype Other characters have 
apparently a lesser margin of safety and are therefore affected by 
a large number of gene substitutions To this group belongs the 
shape of the spermatheca m Drosophila, which Dobzhansky studied 
in a classical invesugation (1927) For a large number of mutant 
genes obtained both spontaneoiuly and by X ray irradiation 
(Dobzhansky and Holz, 1943) it was found that the spermatheca 
shape was affected in a characteristic way Only a small minority 
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of the gene substitution! investigated did not result in a tneasur- 
able effect on spermathcca shape. 

Difference in cbaraciers of thb kind v/ill behave differently in 
crosses from those affected by relatively fejv mutations. They will 
show clear-cut Mendelian segregation into well-defined classes. 
Tliey share, however, the phenomena of segregation and linkage. 
Segregation is expressed in these characters by an increase of the 
t’ariabilicy in V, over F, and the parental strains. There is no reason 
to assume that there are two different types of genes, major genes 
and polygenes, as pro^wsed by Mather (1949) (see Robertson and 
Reeve, 1952a). Tliere is, however, certainly a difference between 
the probabilities with which any random gene substitution will 
affect a certain dtaracier. Some diaracters will be affected by a 
few specific mutations, while others svill be affected by practically 
any change anyivhcre in the genotype. This does not constitute a 
difference in the nature of the genes affecting these characters; 
nevertheless, different methods must be employed for their analysis. 

Among the characiere showing polygenic inheritance are some 
which are of great evolutionary significance, such as size, viability, 
and fertility. Timof^eff-Ressovsky (1954) investigated the effects of 
different well-defined genes on the viability of Drosophila funebris, 
under different environmental conditions and at different develop- 
mental stages. He found that every one of these mutants, on a con- 
stant genotypic background, had its characteristic effects on via- 
bility. hfost genes decreased the viability of their carriers, but to 
different degrees at different stages of development and in differ- 
ent environments. Some of them, however, were equal to or even 
superior to the wild type under certain specific environmental con- 
ditions. The latter genes would therefore have a selective advan- 
tage over their wild-type alleles in a particular environment. Simi- 
lar results were obtained by Dobzliansky and Spassky (1944) in 
Drosophila pseudoobscura, and by KQhn and Henke (1932) in 
Epheslia. 

A good example is the dominant mutant At in the moth Ptycho- 
poda seriata (Kiilin and von Engelhardt. 1937), which arose in a 
strain of Sicilian origin. This mutation, which increases the amount 
of pigment, results in loiver viability under the climatic condi- 
tions of the Mediterranean, i.e. high temperature and low hu- 
midity. But at low temperature and high humidity the viability 
of the mutant is increased as compared to the wild type. 
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Because of their importance for evolutionary processes, some of 
the peculiarities of pol>genically aetemiined characters should W 
mentioned (i) They are frequently influenced by environmenta 
conditions This is to be expected if the main reason for the poiy 
genic type of determination is a relatively low margin of safet) 

(a) Since a large number o! genes is acting on the same character, 
the final phenotype imII be the result oE the whole genotype A 
certain phenotypic effect iviU depend not on the action oE one 
gene but on a complex interaction of several genes, as has been 
particularly pointed out by Robertson and Reeve (i 952a) (3) Since 
the number oE genes affecting characters controlled by polygenes 
15 large, mutations affecung these characters will be relatively Ere 
quent Polygenic characters may thcreEore be expected not to be 
very stable m populations 

*1110 interaction between different alleles at different loci is 
rather complicated It would be unjustified to assume that there 
are generally tome genes affecting a character m the plus-direcuon 
and others acting in the mmus-direction It would be more true to 
say that certain combinations oE alleles at different loa have differ 
ent effects from other combinations of genes If all genes except 
one are held constant, as was done in the classical expenments, the 
observed effects are ascribed to this particular gene It has, hou 
ever, been known for a long time that the phenotypic effects of 
particular genes depend on their genotypic background In other 
words, certain combinations of genes rather than single genes wiH 
produce a certain phenotypic effect in the organism A very stnk 
mg example of interaction of different loa in the same chromo- 
some IS the ‘syTiihetic lethals” discovered by Dobzhansky (194^) 
Tvso chromosomes, neither of which contained a lethal gene, gave 
nsc to a new lethal chromosome, apparently by crossing ov er That 
means that two genes, neither of which has a lethal effect in itself* 
may become letlial m combination 

On the other hind, many examples are knowm in which particu 
lar combinations of genes arc favorable for the organism or for the 
species These gene combinations arc called ' coadapted ” Such a 
particularly favorable combination of genes will be scleacd tor. 
but at the same time the combination will always be in danger of 
^ing lost as a result of recombination of different genes There 
fr^ucntly occur mechanisms which tend to transmit a number 
of such coadapicd genes together as a group Mechanisms of this 
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lind hlitcli arc muariy based on ditomosomc rearrangemems arc 
found in nature as lias been ahoiin particularly by Dobrhansby 
and his colhliorators (Dobrliansl) 1919) 


The Dehamor of Genes in Populations 

Ii « now "enerally accepted tliar evolittjonary djanges comut 
primarily in changes of the genotype of a species m lime In order 
to applj our knoulctlge of the transmission and action of genes 
to esofutiomry problems some further considerations arc neccs 
sarj A population m the present sense it a number of interbreed 
mg organisms Their genes constitute a gene pool m whicli 
genes arc ideallj distributed at random from generation to genera 
tion A \ery simple lau ihe Hard) Weinberg law t\hidi can be 
easily dented from the \fenddian niles states that in the absence 
of mutations leleciion etc the genetic composition of such a 
gene poo! will remain constant The picture becomes complicated 
by the fact that factors such as muuitons selection breeding struc 
turc of the popnfation sue of the population and migration will 
a/Tect the composition of the gene pool in predictable ways Tlie 
mathematical anal)sts of iliese inRiicnccs on gene pools is more 
complicated than tlic dcrisaiion of the Hardy Weinberg law but 
has been successfully earned out by Haldane Sewall Wright R A 
Tisfier and othen The result is that ue can postulate a number 
of population parameters rdiicli sviU completely describe the 
genetic chanctcristia of a population Whicli ones of the factors 
named are most effcciue in a particular population depends on 
those parameters and m this sense eiery population is unique 
(WrigJit 1931 i 9}8) The actual determination of the population 
parameters for a particular species is difTrult bat much progress 
along this line has been made through the work of Dobzhansky 
and lus collaborators 

The breeding structure of a species has no direct influence on 
the relative numbers of genes m a gene pool but only on their fre 
quency in homozygous and heterozygous condition in the mdi 
viduals making up the population The Hardy Weinberg Jaw as 
sumes random mating Any deviation in the direction of inbreed 
ing will lead to the establishment of a relatively higher number 
of homozygotes over hetcrozygotes m the population If the mating 
pattern faaots an amount of outbreeding above random mating a 
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larger number of heterozjgotes will be found in the population 
The relatne number of genes m the gene pool can be influenced 
by the mating pattern only indirectly, by means of differences in 
the selertive values of homoz)gotes and heterozygotes 

The frequency of a gene in a gene pool ivill be determined pn 
manly by an equilibnum betrveen the frequency ivith rvhich it 
arises by mutation and the speed with which it is eliminated by 
selective pressures In other words the frequency of a gene in a 
population IS not arbitrary, but depends on its adaptive \alue and 
Its mutation rate, and will remam constant as long as these tiso 
factors remain unchanged Any influence tending to change either 
the adaptive value of a gene (such as changes in environmental 
conditions) or its mutation rate will therefore result in a change 
of gene frequenaes in the gene pool This phenomenon enables 
populations to adapt rapidly to Ganges in environmental condi 
tions 

The effect of selection on gene pools is of particular importance 
since It regulates the relation of the organism to its environment- 
Selectise factors act on organisms, i c phenotypes, and determme 
pnmanly the contnbution of each organism to the gene pool of 
the next generation In view of what has been said earlier it would 


be expected that selecu\e forces do not act on indnidual genes 
but on coadapted gene systems They are therefore the mam factor 
in keepmg the genotype of a population constant, counteracting 
mutation pressure and the recombination of genes which, m the 
absence of special mechanisms like inversions, tend to break up 
the coadapted gene system In other words, the variation inside a 
population IS strongly restricted by the fact that certain coadapted 
gene systems are favorable in a parucular environment and have a 
selective advantage 


The fact that poljgenic cffecu arc subject to selection pressure, 
and that they are frequently pleiotropic effects of genes with * nia 
JO c results in an important consequence as isr as evolu 
uorary anges are concemrf the adaptive value of a gene may 
be^pendentnot on its primary aaion but on one of its pleiotropic 
iw. ft 11 of 3 de&nite gene m a population may 

ngina y a y product of one of its minor pleiotropic effects 
' nia> Illustrate this principle The alleles Rt and rt 
I The dominant gene Rl 

cs IS to be browTi, the homozygous recessive rt rt has a 
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red testis From an ecological point of view no selective advantage 
can be assumed for either allele since their effects are not even 
visible from the outside But it could be shown that the alleles have 
pleiotropic effects on general physiological characters, namely via 
bilicy and mating of the males Re Rt males are found more fre 
quently copulating while rt rt organums show a higher survival 
in competition It is frequently Found that in genes ivith pleiotropic 
effects the different characters show independent dominance rela 
tions In the pair of alleles Rt rt the heterozygote has the broivn 
testis cofor characteristic of Rt and combines the high frequency 
of copulation of Rt with the high viability of rt In other words, 
the heterozygote is superior to either homozygote (Caspari, 1950) 
The phenomenon of heterozygoie superiority, heterosis,' is fre 
quently found m natural populations, and has been thoroughly 
investigated Whether the mechanism of pleiotropism is the only 
one leading to the superiority of the heterozygote lias been doubted, 
but It IS the only mechanism which is clearly undentood and which 
has been definitely demonstrated From the point of view of evolu 
tion, the superiority of the heterozygote results m selection in favor 
of the heterozygote This gives rise to polymorphism the mainte 
nance of two or more alleles at the same locus in the population 
The fact that heterosis enables a gene pool to contain two alleles 
at a particular locus is of great importance for the evolution of 
populations The existence of more tlian one allele in a gene pool 
supplies the genetic variability (liat is necessary for the efficient 
action of selection It should be pointed out that because of the 
existence of heterosis a certain degree of heterozygosity seems to 
be necessary for the survnal of many species (Lcmer, 195}) Em 
dence is accumulating that even closely inbred laboratory strains 
contain a considenble amount of genetic vanabihiy which is 
probably due to the necessity of maintaining a certain level of 
heieroz)'gosity (Gowen, 1952) 

Another mcdianism which may tend to ensure a certain amount 
of genetic variability in a population is genetic drift’ (Wnght 
iggi, 1948) In sexual reproduction each gamete receives only one 
of the two genes present at every locus in the parent Furthermore, 
only a small part of the gametes thus formed will participate m the 
formation of the next generation Both the elimination of genes 
at gamete formation and the prescrttition of genes in the popula 
tion through successful feriiluauon are usually chance events The 
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transmission of genes from one generation to the next is therefore 
subject to a certain error of sampling which might preserv 
eliminate a gene in a gene pool independently of its selective va ue. 
The error of sampling will he relatively small, compared t® t o 
number of genes involved, in reasonably large populations, but 
may become large in small breeding populations. The drift effect 
will therefore be most noticeable in small populations and in more 
or less isolated subgroups of a larger population. 

A natural population, then, can be said to consist genetically 
o£ a pool o£ genes which is inherently unstable. The occuirence 
o£ heterosis guarantees that more than one allele at a particular 
locus will be present in the population. The forces of selection keep 
this system stable by favoring coadapted combinations of genes 
at different loci. On the other hand, the inherent lack of stability 
of the gene pool gives the population the plasticity necessary to 
adapt itself to changes in conditions of selection. 


Effects of Genes on Behavior in Insects 

One other feature in the Epheslta experiment is of interest in 
the present discussion: one of the pleiotropic effecU of the genes at 
the rt locus is a behavior character, mating behavior. Influences of 
well-defined Mendelian genes on mating behavior have been re- 
peatedly described. Reed and Reed (1950) have found that the 
gene w in Drosophila melanogaster decreases the frequency of mat- 
ings by about 25 per cent. In insects, where each mating gives rise 
to a large number of offspring, differences in the number of effec- 
tive matings will constitute a powerful selective character. Reed 
and Reed could show that the selection against the gene tv in arti- 
ficial populations can be completely accounted for by lowered mat- 
ing activity of the males. Similarly Merrell (1953) found that three 
out of four sex-linked mutations in Drosophila melanogastcr affect 
the mating activity of the males and reduce in this way the survival 
values of these genes. 

Pleiotropic effects of morphological mutant genes on mating be- 
avior may be dependent on the environment, just as are other 
gene-controlled phenotypic characters. Rendel (1951) found that 
the gene "ebony" in Drosophila reduces the mating activity of 
homozygous males in the light, whereas in the dark they are equal 
or possibly slightly superior to "vestigial" control males. In this 
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<^e. It IS the “reaction norm" of the organism that is influenced by 
ihe gene substitution 

There is good evidence that gene substitutions influence not 
only mating activity but also the selection of mating pannen Pref 
erential mating lias been described, for example by MerreJl (1949) 
and Rendcl (1951) for mutants in Drosophtla In the moth Panaxta 
domtnula, Sheppard (1953) has shown that individuals carrying 
the gene “mcdionigra’ mate preferentially with partners not carry 
ing this gene This particular mating behavior tends to keep the 
gene in the population in spite of the losver fertility, viability, and 
survival from predation t\hich are associated with iL The evolu 
tionary importance of preferential mating as an isolation mecha 
ntsm IS discussed by Spieth later m this volume 
Most of the behavioral effects of mutant genes described in the 
literature concern mating behavior, since this factor may be ex- 
pected to be of extreme evolutionary significance Cases have been 
described m which other behavioral characters are affected by 
genes Many morphological mutants affect behavior by their effects 
on sensory organs or on the motor effector structures An example 
IS the change in the photic reaction of Drosophila induced by the 
mutant to, which Scott (1943) interprets as being due to the reduc- 
tion in eye pigmentation caused by this gene The existence of 
effects of genes on behavior by weans of their nell-established 
action on sensory or motor organs 1$ obvious In the following dis 
cussion emphasis will be placed on cases in which the nature of the 
effect of genes on behav oral characters is not apparent In many 
cases the more direct effect may be on the activity of the central 
nervous system The pleiotropic effects of genes on mating be 
havior may belong in this class In addition Hovanitz (1953) 
demonstrated differences in the daily activity rhythm of the white 
and colored phases in the butterfly Coltas eurytheme Wadding 
ton, Woolf, and Perry (1954) found striking differences in the 
environment selected by seven strains of Prcwophila, each of whidi 
was marked by one gene with visible effect. 

In insecu, then, there is abundant evidence for the existence 
of genes affecting behavior tram Most of the genic influences on 
behavior have been found to be pleiotropic effects of genes with 
morphological manifestation Tins is due to practical reasons since 
a morphological trait permits the companson of alleles on a more 
or less constant genetic background In view of tjic theory of 
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polygenic characters presented previously, it tiould be like y 
a behavior trait would turn out to be controlled by several gen 
This seems to be indicated in experiments on a behavior trait in 
Ephe^tm (Caspari, 195.. Cotter. 195.) The larvae of these motlu 
burrow m the food, tunneling all through the food mM, a 
finally, just before pupation, crawl up to the margin of ihc t 
mass spin their cocoons, and pupate One strain obsem 
which m the last larval instar leaves the food and crawls around on 
the co\ er of the dish, spinning continuously, so that a dense mat o 
silk IS deposited on the co^er of a culture of this strain This mat 
spinning behavior is dependent on environmental factors (i) ^ 
occurs only in cultures containing many organisms, indis iduals m 
isolation do not show it It should be emphasized, however, that 
the phenomenon does not depend on crowding of the culture 
(2) Mat spinning occurs only m the dark It may be suspected that 
in the light the negative phototropism of the larvae inhibit 
them from leaving the food {3) Mat spinning is dependent on lack 
of some nutritional factor It occurs in cultures fed witli yellow 
granulated com meal but not in cultures fed whole com gruel 
The genetic basis of this character has been studied in Fj, Fj back 
crosses and outcrosses of mat spinning and normal strains, using 
the amount of silk deposited on the cover as a measure of the effect 
The results are incompatible with the assumption of a single paw 
of alleles responsible for the character The trait seems to be de 
termmed by several genes, and may be regarded as polygenic 
It IS conceivable that a behavior trait like mat spinning will con 
fer an advantage on the organism under certain conditions This 
IS indicated by the fact that mat spinning though not as strong as m 
our laboratory strain, has been found in wild populations In such 
a case, genes favoring the character ‘ mat spinning would be se 
lected for In addition selection would favor genes which induce a 
preference for foods that do not contain too much of the nutn 


iional factor inhibiting mat spinning Considerations of this kind 
may give a clue to the evolutionary origin of food specialization 
which IS so widespread in insects 

All these examples show that behavior traits in insects may be 
genetically controlled Many of these genes, particularly those 
affecting mating behavior will be strongly subject to selection 
and other pleiotropic effects oE the same genes may become 
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established m the species as a result ot the selective advantage 
of the behavjor trait 

It has been doubted whether the pleiotropic effects of genes may 
actually play a role m determining the selective value of a gene, 
since they are sometimes descnbed as ‘ minor Such doubts have 
been expressed by Mather (1954) for pleiotropic effects in gen 
eral and by Scott and Fredencson (1951) for pleiotropic effecu 
on behavior The above mentioned experiments of Reed and 
Reed (1950) m Drosophila, of Sheppard (1953) in Panaxta, and of 
Caspar! (1950) m Ephestta shorv conclusively that pleiotropic ef 
fects on mating behanor may be determining factors in the estab 
lishment of genes both in laboratory and natural populations 
Conversely, genes influencing behavior may become established 
because of the favorable effect of another one of the manifold 
effects of the same gene In either case, the remaining genotype 
will be influenced by selection in such a way that a coadapted 
system of genes, adapted for the particular conditions under which 
the species lives, will become established 


The ErrECTs of Genes on Behavior 
IN Mammals 

The genetic basis of behavior characters in mammals has been 
established by three types of observations (») It has been shown 
by Keeler and King (1942) that m the rat sponuneous mutations 
at well known loci show pleiotropic effects on behavior The muta 
tion A-* a causes the animals to become more ' tame “ Muta 
tion to ‘ stub’ causes a greater inclination to fight The mutation 
i?-> 6 makes the animals less aggressive, although they will fight 
well when attacked Mutations at the c locus do not seem to m 
fluence any behavior traits {2) Furthermore, different inbred 
strains of mammals are distinguished not only by morphological 
cliaracters but also by their behavior Thu has been showm by 
Scott (1942) for several behavior characters in the mouse, of which 
the fighting behavior of the males has been particularly studied 
Further differences m behavioral characters between different 
inbred mouse strains have been described by Fredencson (1953) 
and Thompson (1953. ^ 950 ) The behavioral differences between 
different breeds of dogs have been recently studied (Scott and 
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Charles, 1953: Fuller and Scott. 1954: Scott, ‘954: Fuller, >955^ 
In this case differences in timidity, aggressiveness, fnendlines 
rvard humans, response to food lesvards. and performance in c^ 
tain tests have been demonstrated. Sawin and Ctary (1953) 
served differences in nest-huilding activities and care of the you g 
between different strains of rabbits. (3) Finally, it has been s 01 
repeatedly that it is possible, in genetically nonuniform materian 
to select for certain behavior traits. This has been done by Try^o 
(1940, 1942) for "maze-learning ability" in the rat, by Hall (195*) 
for "emotionality” in the tat as indicated by his defecation t^ 
by RundquUt (1933) for tho amount of motor activity as recor^ 
in a revolving cage. In all cases, positive and negative selection 


was successful. . . 

All these lines of evidence indicate that behavior characteristics 
in mammals are under the control of genes. Try'on (1942)' ^ 
well as David and Snyder (1951). suggested on the basis of the 
selection experiments that the genetic basis of the behaviora 
characteristics studied is probably polygenic. The findings 0 
Keeler and King (1942) that individual genes may have pleiotropic 
effects affecting behavioral characters would be in agreement with 
this assumption. Scott and Fredericson (1951) point out that be- 
havioral effects observed in Keeler and King’s experiments may 
not be pleiotropic effects of the mutated genes, since the fact that 
their strains were only partially inbred leaves open the possibility 
of selection for other genes. This difficulty is inherent in all ex- 
periments on pleiotropic gene action, and can be overcome only 
by studying several independent mutations at the same locus on 
the same genetic background (Dobzhansky and Holz, 1943)- Scott 
and Fredericson (1951), on the basis of older literature, come to 
the identical conclusion that most behavioral differences between 
strains of mammals are based on multiple factor inheritance. The 
same conclusion is draivn by Scott (1954) for the behavior differ- 
cnees between breeds of dogs. 

An attempt has been made to determine the number of genes 
involved in the behavior differences between different strains by 
means of crossing experiments. In all cases where an estimate 
Vi-as possible, the number responsible for a strain difference in 
one pani^lar character svas found to be low. Dawson ( 193 ®) 
studied wildness and tameness in wild and inbred strains of mice, 
and found in crosses that the number of genes responsible for 
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the difference ,s probnbly about three Scott (.954), analyzmg 
different behavior inits m tno breeds of dogs, found the differ 
cnees to be based on one or two segregating pairs of genes (these 
are minimum estimates) 


The selection eeperimcnts of Ttyon (1940, 1942), Rundquist 
(1933)* Brody {1942), and Hall (1951) have to be interpreted 
in the light of selection experiments on polygenic characteis Care 
ful selection experiments on such characters in animals as bristle 
number in Drosophila (Maiher and Harrison, 1949 Rasmuson 
>955). "’■ng t>nd thorax site m Drosophila (Robertson and Reere, 
t 95 ^^> Reeve and Robertson, 1933)* and body size in the mouse 
(MacAnhur, 1919, Falconer, tQSS) have shown that the results 
of selection may be ratlier complex The fundamental theory is 
based on muliifactonal inheritance numerous genes acting on 
the character are gradually selected out and become homozygous 
In this process the vanabiltiy due to segregation should decrease, 
and a final extreme level of homozygosity should be reached winch 
can be broken only by mutations Mather (1943) has pointed out 
that in tile case of characters which are variable under natural 
conditions progress will be slow and interrupted by periods of 
relative subility, since maximum effect would involve the break 
ing up of linked coadapted gene complexes 
In the actual experiments, several complicating factors have 
been observed Response to selection m opposite directions is 
frequently not equal in strength and speed, but asymmetrical 
Progress in selection is almost always erratic, showing fluctuations 
from generation to generation During the progress of selection, 
the variability may decrease or increase, so that the final state 
may show a higher variance than the unselected controls (Robert 
son and Reeve, Jqjaa) The reasons for this increase in variance 
may be different in some cases, at least, the variability under the 
influence of environmental factors may be increased m homozy 
gotes as compared with heterozygotes (Robertson and Reeve, 
1952b, Lerner, 1954 Gruneberg 1954) This has been interpreted 
as a special case of heterosis Tlie superiority of the helerozygote 
expresses itself by a belter buffering a higher homeostasis, of the 
developmental processes environmeuul conditions will therefore 
be less effective in the helerozygote m inducing phenotypic 
variability In other cases, genctscally unstable stales may be pro- 
duced by selection (Reeve and Robertson, 1953) In these cases 
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var.abil.ty .ncreases under the inHuence of select.on and sa)* 
high as long as rigorous selection is practiced Relaxation ^ 
lion pressure leads to a decrease in variance This unstable gene 
equilibrium is explained by the presence in the strain o£ homoty 
gous lethal genes ^vhich affect the selected character m t 
heterozygous state, and by the effect of genes shoiving heterosis, i e 
a higher effect in the heterozygote than in either homozygote n 
either case, a heterozygous state which is genetically unsta e 
would be kept in the line by the process o£ selection 

In vieiv o! such results obtained with morphological characters 
It would be expected that m different selection experiments in 
volving behavioral characters different results would be obtaine 
In all experiments described selection in both directions has been 
successful 

Both in Halls and in Rundquist’s expenraents the effect o 
selection SNas asymmetncal, with respect to the maximum eff^^^ 
as i\cU as to the number of generations in which it i\as reached 
In some selected lines the values obtained were pretty constant 
from generation to generation, while in others great fluctuation 
betiveen generations i^ere observed The vanability was reduced 
in the progress of selection m Halls experiment, but it remained 
high or ss-as possibly increased m Rundquist s and Brody s highly 
active line That variability for a behavior character may be in 
creased as a result of inbreeding is suggested by the high varxabil 
iiy of the tame laboratory strains used in Dawson's (1932) expet^ 
ment as compared vsiih the lower variance of the presumably 
genetically much more heterogeneous captured wild mice used 
m the same experiments 

An unexpected effect has been found m some crosses betsvecn 
selcacd strains Tryon (19.^2) describes Fj and Fa from his ‘ maze 
bright and maze-duU strains It was found lliat the Fi 
imcrmediatc, as expected, but the variability increased tremcn 
domly. and did not further increase in Fa Hall (1951) interpreted 
Tryon s findings on the basis of Uie fact that several independent 
substrains sscrc developed, and all of them pooled m the Fi But 
Hall % own F, data for emotionality published in the same paper 
show a high value of standard deviation in Fi as compared 
the parental strains Siraibrly, Scott (1931) found an increase m 
var^nce vuth respect to aggressiveness in the F, from two breeds 
of dogs This effea was not found for a number of other behavior 
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traits observed m the same experwncnts A crossing experiment, 
ramed out by Brody (1942) using Rundquists strains selected for 
high and low spontaneous motor activity, suggests a similar inter 
pretation The means for the acuvity character in Brody's data are 
what would be expected, Fi and F, are intermediate, the back 
crosses tend to resemble the strains to which the backcross has been 
made The variance in Fj is not increased over Fi, just as in 
Tryon s experiment There is a striking difference between the 
sexes m Brody s data m all crosses F, and F, and the backcrosses 
the average activity of the females is higher than that of the males 
In the original inbred strains there is no great difference between 
the sexes In other words, m the crosses an increase in variability 
occun, this lime as a reaction to the sex of the animal It should 
be emphasued that it cannot be concluded from the high variabil 
ny in Fi that the strains were ‘impure (Hall, 1951) and that 
therefore no genetic conclusions can be drawn from these expen 
ments A certain amount of genetic heterogeneity may be assumed 
to be present in all inbred strains 
The material is not sufficient to establish that, contrary to many 
morphological characters, behavioral traits xn mammals may show 
an increase in vanabihcy in the Fi from inbred strains, more ma 
terial bearing on this point is uigentJy needed But the expen 
ments which have been earned out point to this possibility This 
would constitute a difference from many morphological characters 
m which, as a result of heterosis the variability of an Fx between 
inbred strains is frequently reduced 
Scott (1954)/ in discussing the increased variance of the Fx from 
his two dog strains with respect to aggressiveness, suggests as an 
explanation that m this case a physiological threshold affecting 
this character may be situated close to the center of genetic dis 
tnbution If a major source of vanabibty depends on the fact 
that some animals are situated above the threshold, othen below 
It, a population well outside the region of the threshold will 
have a relatively small variability, while a population whose dis 
tnbution contams the threshold close to its center will have an 
increased vanabihty Other possibilities to account for a higher 
vanance in an Fx from t\>o inbred strains exut Lemer (1954 
PP 48 ff) points to a purely genetic mechanism which would ex 
plain a higher vanance in Fj. as compared to the inbred strains, 
involving heterozygosity in at least one of the strains, and certain 
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assumptions concerning the frequencies of the two 
two populations, and their dominance relations Finally, the po 
sibihty exists that in the cases under consideration an increase 
in variability under environmental conditions may be invo ve 
The frequent occurrence of a decrease in variance in Fi or 
morphological characters or fitness is interpreted as being due to 
a better buffering of developmental processes in heterozygotes 
The term homeostasis has been applied to the genetic structure 
of populations (Lerner, 1954, Dobzhansky and Wallace, 1953' 
Dobzhansky and Levene, 1955) in order to indicate that the co- 
adapted gene pool of a population shows the criterion of an inte 
giated system and has the property of self regulation Lemer, as 
uell as Dobzhansky and Wallace, and Dobzhansky and Levene, 
came to the conclusion that heterozygote superiority is probably 
the main mechanism insuring the homeostatic properties of popu 
laiions Ihe toices of selection will therefore favor, in outbreed 
ing organisms, genetic systems m which the heterozygous condi 
lion at many loci is superior to eitlier homoiygote, insofar as it 
minimizes the sensitivity of the organisms to the environment 
In higher \ertebrates, behavior is characterized by high plastic 
ity Ihe actual behavior pattern developed by an organism is 
strongly subject to modification by learning Since the behavior 
pattern of an organism is a mechanism leading to adaptation to 
the environment, high modifiability of some behavioral con 
siituents may result m a greater capacity for learning and adapts 
tion, coiuribuiing in this way to Uie homeostasis of the popula 
lion It is quite possible that m higher vertebrates selective pres 
suies lavoi a mgn modiliabiKty ot some befiavioral traits If this 
IS ilic case, higher variability of the heterozygotes with respect to 
some bchaviuial characters may be another expression of heterozy 
gotc supcnoiity It should be added that an evolutionary inter 
prctatioii ot this type is not opposed to a physiological explana 
lion, such as ilie Uircshold concept proposed by Scott (1954) 
every phenomenon affecting populations it is legitimate to inquire 
after us meaning m evolutionary terms as well as after the de 
Ylopraental and physiological mechanisms by svhich it is pro- 
duct The threshold concept provides a possible developmental 
model by which a higher variance in F, could arise In evolu 
tionaiy terms, the question would concern die selective mccha 
nums which may have been responsible for Uie establishment of 
a ihtcshold at die center of die distribution 
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Tryon ongmallj thought that m his expenments he ivas select 
mg for problem solving ability Searle (1949) investigated Tryon 3 
selected strains with psychological methods and came to the con 
elusion that the difference between the twostmns could be better 
described as timidity,’ the lower learning ability of the ‘ dull 
strain being a consequence of the fact that it is more easily upset 
by certain experimental conditions Such an interpretation has 
found ample support m the studies of Scott and Fuller on the be 
havioral differences betiveen breeds of dogs It has been repeatedly 
emphasized (eg Scott and Charles, 1953 Scott, 1954) that the 
geneucally controlled differences m the beliasior of dogs affect 
emotional traits such as aggressiveness, timidity, etc , motivational 
traits, such as the reactivity of animals to rewards and peripheral 
characters, such as sensory and motor abilities and preferences 
It has furtliermore been shown that the physiological concomitants 
of emotion, such as clianges m the rhythm of the heartbeat, dif 
ferentiate dog breeds more sharply than external behavior (Scott 
and Charles. 1953 Fuller, 1953) On the other hand there appean 
to be no evidence for the genetic transmission of a cliaracter which 
might be called mental ability ' or 'general intellectual organiz 
mg ability ' (Scott and Charles, 1953 Scott, 1954) Differences m 
performance tests could be related to one or more of the simpler 
components of behavior mentioned above 
The more complex behavior patterns of higher vertebrates 
which enable the organism to adapt to its physical and social 
environment are the result of learning The genes of a dog 
breed do not seem to affect directly the ability of the breed to 
solve a specific problem, but rather the manner m whidi different 
traits are organized in solving a problem (Fuller, 1955) The 
total organization of behavior v\ou(d be expected to be a complex 
s}stem, depending geneticall) on a large number of coadapted 
genes The fact that in all specific breed differences relatively 
few genes have been found to be involved does not contndict 
this conclusion It appears that genes primarily influence indi 
vidual components of behavior, just as they influence components 
of adaptive value Individual learning leads to the organization 
of these components into adaptive patterns In the evolution of the 
higher vertebrates, genetic mechanisms which make possible the 
establishment of v-anous patterns of behavior in the same species 
seem to hate been selected for. leading to a higher plasiieit) and 
potential adapution to different environmental conditions 
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Summary 

1. The primary action oE genes is highly specific. But all gene 
substitutions have secondary pleiotropic effects. This M “e 
the fact that cells and organisms are integrated systems in w 
any changes will produce secondary consequences. The genes co 
trol the "reaction norm” o£ the organism to the environment. 

2. Different characters show different degrees o£ stability against 
genetic and environmental influences. Some characters have a mg 
margin of safety and will be influenced by relatively few speahc 
genetic changes. Other characters are less well buffered and may 
be influenced by the majority of gene substitutions and by en- 
vironmental factois. Effects on characters of the latter type vn 
occur Erequently as pleiotropic effects of gene substitutions. They 
tvill usually shotv the multi&ctorial or "polygenic” type o£ in 
heritance. Among characters of this type are viability, fertility* 
and other trails of great selective importance. 

3. Genes at different loci interact in the production of pheno- 
typic characters. Gene combinations of positive adaptive value arc 
called "coadapted gene systems." 

4. The genes in populations of interbreeding organisms m^y 
be described as gene pools. The frequency of genes in a gene pool 
is determined by mutation pressure, selection, breeding structure, 
and other factors. The variability of populations is restricted by 
the fret that selection for coadapted gene complexes counteracts 
mutation pressure and the tendency of gene complexes to he 
broken up by segregation. 

5. Hctcrozygotes frequently have adaptive values superior to 
either homozygotc. This phenomenon of "heterosis” makes it p<w* 
siblc for two alleles to remain in a population, and in this I'^y 
maintains the genetic variability and adaptability of populations. 
Heterosis is frequently expressed in a lower phenotypic variability 
of hcterozj'goies. 

6. In insects numerous cases are known in which behavior is 
influenced by pleiotropic effects of gene substitutions affecting 
primarily morphological characters. Effects on mating behavior 
may be ^umed to be particularly important in evolution since 
changes in mating behavior have powerful seleaive effects. 

7|U is possible for a gene with a certain morphological effect 
to become established in a population as a result of its pleiotropic 
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effect on a behavior trait with positive adaptive value. Conversely, 
a gene influencing a behavior trait may become established in a 
population because of a favorable adaptive value of another char 
acter produced by the same gene In either case, selection pressure 
will adjust the remaining genotype so that a coadapted gene system 
IS established 

8 In mammals, behavior tram seem to be under the control of 
numerous genes DiSeKtices in behavior seem to occur as pleio 
tropic effects of well known morphological genes Different breeds 
of animals frequently differ m behavioral characters In hetero- 
genic populations, selection for behavior tram has been successful 

9 It IS argued that in the evolution of mammals selection may 
have favored a higher degree of variability for behavioral traits 
The frequently observed high variability of hybrids from crosses 
of strains differing in behavior traits may be regarded as a partic 
ular case of heterosis 

Notes added in proof While this review was m press, an important 
paper dealing with the mechanism of genic control of mating be 
havior appeared M Bastocks A Gene Mutation "Which Changes 
a Behavior Pattern, £vo/uhon,/o, 481-39 1956 This deals with 
the lower mating activity induced by the gene y (yellow body 
color) in Drosophila males The gene is found to reduce the 
strength and duration of a particular part of the courtship activity 

^vibration of the wings, which, mediated through the antennae, 

has a stimulating effect on the females y males therefore are less 
successful in mating activity The reduced duration of vibratory 
movements induced by the gene y is interpreted on die basis 
of a model which assumes that the sexual excitation of the Droso 
phila male proceeds m a fluctuating manner, and that thresholds 
determine the occurrence of the differant parts of the oourtship 
pattern If the general strength of the sexual excitation of y males 
is reduced, the threshold for sving vibration would be exceeded 
for shorter periods, resulting in a reduced duration of periods 
of wing vibration Finally, it is pointed out that the cJiangc due 
to the gene y is similar to the differences found in related Droso 
phxla species as described by Spieih in dm volume The possibil 
ity IS considered that if a gene with an effect on coumhsp pattern, 
like y, becomes incorporated into a population the cliangc of 
behavior pattern might act as a mechanism for sexual isolauon 
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and at the same time favor the selection for genes \a 6 ing W 3 
new pattern of courtsliip. That selective effects of ‘I"* ® 

possible is indicated by the fact that the original yellow stoc 
from which the y gene used in the in\ estimation ivas 
contained modiEying genes n!nch increase the sexual cxcitabi i ) 
oE the female, so that Eemales of this strain mate witli equal ire- 
quenq' with wild type and yellow males. 

A recent contribution by Walter C. Rothenbuhler ( Genetics 
o£ a Behavior Difference in Honey Bees." Proceedings X. 
national Congress oE Genetics, Montreal, 1958) presents anot er 
interesting case for the selective value of behavior characters in 
insects. Some strains of bees are resistant to foulbrood, a bacteria 
disease oE the lar\ae, while other strains are susceptible. This di 
ference appears to be controlled by genes. One mechanism 
resistance to foulbrood consists in the removal of all diseas 
larv’ae by workers of the resistant strain. Worker bees from a 
susceptible strain remose only a few of the sick larvae. Two more 
mechanisms of resistance to foulbrood have been described, both 
of them apparently controlled by genes: the ability to strain bai^ 
terial spores out of the food by means of the intestinal tract, and 
an actual physiological resistance to the bacteria. 
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Devehpmental Basis of Behavior 
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Most genetic mutations that effect an evolutionary change m 
adult characters, behavioral or morphologic, do so indirectly by 
affecting the process of development. E\olutionaTy change must m 
a sense be funneled through the developmental mechanisms In 
many cases it may be these latter, rather than chromosomal plas 
iicity or selection pressures on the adult character, that constitute 
the limiting conditions in evolution and determine the direction 
in ishich It moves Given two possible character changes of equal 
functional survival \'alue, one achieved easily in terms of develop- 
mental adjustments, the other involving radical revisions of the 
groisth pattern, it is the former that will be favored Many evolu 
tionary possibilities that would be entirely feasible so far as sur 
vival \'alue and genetic mutability are concerned can never be 
realized because they could not be achie\ed within the established 
framework of embryonic development Many aspects of evolution 
are better understood with some consideration for the develop- 
mental processes through which, and in terms of which, the genetic 
mutations must operate 

From the developmental standpoint it is helpful to think of the 
evolution of behavior in terms of the evolution of the morphologi 
cal structures that mediate the behavior The term ‘ structure may 
be used here in its broadest sense to include all suble organization 
patterns of organs and tissues, even at submicroscopic and molecu 
lar levels The inheritance of a behavior pattern then implies the 
inhentance of certain modifications of the behavioral apparatus re 
sponsible for the behavior The distinction betv%een behavioral 
and morphological m inherited characters is hardly a basic one 
from the viewpoint of developmenL Accordingly, the present dis- 
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cuuion i.,ll l« conccninl largely ».ih derclopmem of ihe m 
Jjcnicd morphological jubjfrate of bchn\ lor pnnnnly that oE the 
scn^ojineiiromoior apparatus ujiti special emphasis on the pat 
ternins of mtemciiroml connections in the central nenous syst^ 
n.c subject svill be treated not entirely from the perspectives of 
embryology but with reference more to the problem of effecting 
cvolimotury cliangc m developmental mechanics 
Generally speaking gene action dnring development may and 
most commonly does occur at man) removes from the observed 
cbiracter effect According to one current theory gene changes 
vsithm the nuclcm lead to changes in cytoplasmic RNA (ribonu 
clcicacid) wluclj m turn modify protein synthesis thereby produc 
mg alterations in cnayme activit) with consequent effccu on cell 
metabolism and cell differentiation (Horowitz and Fling 1956) 
Thc^e in turn modify organ and tissue development to determine 
ultimatcl) the observed character change fnview of the numerous 
Jcscis of organization involved in tins chain of events ranging 
from that of the gene unit up to the level of the adult nervous 
circuhtor) and hormonal systems ami m view of the numerous 
tyi>es of potential interaction within and among all these various 
levels of organization the possible patterns of causal sequence by 
vvluch a gene mutation may affect a change in behavior are for 
practical purposes almost infinitely vwed Some inherited charac 
ters like pigmentation enzymatic properties and inherent iromu 
nologic specificity may rcUcci the genetic mutation rather directly 
Behavioral traits on the other hand appear to be at the other ex 
treme where the sequence of developmental events between gene 
change and behavioral change 11 a long and devious one and one 
that at the present state of our knowledge can be discussed for the 
most part only in broad generalities 

It should be recognized at the outset that much remains to be 
learned with respect to the old problem of tlie extent to which be 
havior mechanisms arc a product of inheritance on the one hand 
and of learning and experience on tl c other Since the learned and 
the inherited elements m behavior are frequently present together 
as inseparable cofunctions it is difficult or impossible m many 
cases to evaluate the relative extent and significance of the separate 
factors This is particularly true when there is a long period of 
neural growth and maturation during which learning is also taking 
place as in man However if we consider the problem with refer 
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ence strictly to the anatomy, ph^-siology, and grotvth of PP 
rams of behavior, there are some inferences that may be 
with respect to the vertebrate nervous system in general. ^ 

The entire nervous structure, including all the fiber or 
organization demonstrable by the methods of ’ 

by and large, a produa of growth and inheriunce, not of lea o' 
To this anatomically demonstrable structure we must a 
mechanisms underlying much organization that is 

only by physiological and behavioral methods. Included e ^ 

would be all or nearly all the functional organization of the rai 
stem and spinal cord. Much of the functional organization o 
cerebral hemispheres must also be included e^'cn in man. For 
ample, all the effects produced by stimulation of the 
sory and motor areas of the cortex along with other similar e 
that are species-constant must be included with the inherite ^ 
of behavior. 

Approaching the question from the other direction, one may 
that the entire neural apparatus is organized through the forces 
growth and inheritance except for the as-yet-undemonstraied mem 
ory traces or engrains. Whatever the neural changes of learning an 
memory may be, they are extremely elusive and inconspicuous an 
have yet to be demonstrated in any direct manner. Presuma y 
they are infused into or are superimposed upon the more out 
thc-way neural circuits, particularly in the mammalian cercbm 
cortex. Although the experientially produced mutations in ^ 
neural apparatus may make a large and important difference a^ 
the behavioral level, they appear to be only a minute fraction o 
the total neural organization from the anatomical and des'clop 
mental standpoint. It seems probable that the underlying inherit^ 
portion of the neural mechanism involved even in so-cal 
“learned" behavior may be not only more conspicuous but a^ 
much more complex in its organization, anatomically and physi<^ 
logically speaking, than is the superimposed experiential portion 
of the structure. 


The foregoing represents a radical change from earlier riev.** 
which had pictured the functional patterning of neural circuits as 
being achie\’ed almost entirely through training and experience 
(Holt, 1931). Prior to the late 'thirties it ivas supposed that the 
growing nerve fibers established their connections in a haphaza^ » 
diffuse, and excessive fashion in de\’elopment tending to form 1** 
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itiallV an equipotential homogeneous nctuotk out of uhich adap- 
ttve pathways were subsequently channeled by means of function 
A related v.eu pictured the initial tendency to form excesme cen 
iral connections as being functionally controlled the liber connec 
tions that happened to prove adaptive being reinforced and mam 
tamed, the nonadaptive ones being eliminated through disuse 
atrophy, and degeneration This functional molding of the neural 
circuits was presumed to begin at the first evidence of neuromotor 
activity and to continue in the mammal through fetal life into 
postnatal learning Common reference was made to the training 
of the sensory surfaces such as the cutaneous and retinal fields, the 
macula of the utnculus the proprioceptors of posture and move- 
mem and ihe Itke 


Today we ihink the developing nerve fibers establish their syn 
aptjc associations in a highiy specific manner from the ^ery be- 
ginning The outgrowing fibers of the developing neuroblasts are 
believed to form well-organwed reflex and miegrative patterns that 
are functionally adaptive from the start but which nevertheless 
are patterned directly in the growth process This change m the 
picture of nervous development is supported by an extended senes 
of observations in which surgical disarrangement of the adult and 
developing nervous system m many difTereni vertebrates has been 
found to produce corresponding dysfunctions that persist m 
machine like fashion uncorrecied by experience (Sperry 1945 


■\Veiss 1941) The more recent findings along this fine have con 
tradicted earlier reports which had indicated that the vertebrate 
nervous system was highly plastic in this respect Afore direct sup- 
port for the current concepts derives from investigations dealing 
with the formation of synaptic connections dunng nene regenera 
tion and development These fatter show the normal patterning 
of synaptic relations to be predetenni/ied in the growth process 
irrespective of the functional effects for ihc individual 
Tlic patterning of refined and precisely adapted behavioral pat 
terns has been showm m these studies to be developmenully con 
trolM uud m some eas» the expenmems yield mformstion about 
the nature of the growth torCB imobed These will be comidcrcd 

laler In general Ihc deselopmci.ulmed.an.sm. as we nosv picture 

them appear to be of sufficiem speafic.y and elabon.ion .hat one 
need not hesuate on the basis of complexity alone to tiscnl« to 
inheritance any behavior pattern found among subhuman verte- 
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brates One gets the impression that no vertebrate beh F 
tern, excepung perhaps language and certain o*'’' . 

complicated human activities, is too complex to be built in 
nervous svstem so far as the proficiencj of the developmenta 
genetic mechanisms is concerned Where the behavior “ 

acquired b> learning instead of being handled through in 
ance, one may assume this to be a result of other factors rat ^ 
than a limitation in developmental capacity These 
neuroembryological theory have profound implications for 
evoluuon of behavior and for all concepts relating to the ro e o 
inhentance in beha\ior 

Inhented beha\ioral changes in the ncnous system are presJ 
abl) traceable to changes in the size, number, connectivity, an 
excitatory properties of the nene cells Actually changes in neuron 
size and number gam their functional effects mostly through sec 
ondary influences upon connectuity and cxatatoiy threshold ar 
problem centers therefore around the deselopmental mechanisms 
responsible for the establishment of excitatory thresholds in nerve 
cells and for the patterning of their fiber connections To rev le'^ 
here all the Vjiov%*n information relating to these matters 
be impossible Extensive descriptions of the gross and microscopic 
morphogenesis of the nervous system ma) be found in the text 

boohsofneuTologyanderabryology In particular, reference shou ^ 

be made to the expanding literature on expenraental analysis o 
the underlying developmental forces in ontogeny (Wilher, Wciss, 
and Hamburger, 1955) 

The resting exatatory threshold and also the interconnections 
of neurons appear both to depend largely upon specific cell propcf 
ues attained through gradual diffcrenuation of the nerve cells m 
developmenL The process of embryonic cell differenuation, after 
it has succeeded in setung off future nerve cells from those of mm- 
cle, bone, and other tusues, conunues to effect differentiauon 
vvithm the nerve cell population itself. As a result the different 
classes and types of neurons become intrinsically different from 
one another in constitution In some parts of the nervous system 
the process of differentiation continues almost to the point where 
the individual neurons differ from one another in quality The 
resting excitatory threshold characteristic of the different neuron 
types VNOuld seem to be an important factor in neural integration 
That It IS determined through the differentiation process v\0ul 
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seem a sate assumption However for Jack of evidence tliere is 
little more tliat one can say about the tJireshold factor at present 
Mucli more informatton is available with respect to the role of 
connectivity in neural function and the deselopmental forces re 
sponsible for the patteminj; of neuronal interconnection Accord 
mg to classical neurophysiology the differential liber connections 
among nerve cells are of paramount importance and the basis of 
funciioml organization Various other concepts of central nervous 
integration have been proposed such as those based on mass elcc 
trie fields specific nerve energies frequency effects and resonance 
phenomena None of these has received sn/ficient support to ivar 
rant its replacing the conventional connectivity doctrine as a basis 
for our present discussion Furthermore numerous illustrations of 
the dysfunction produced by surgical disarrangement of the nor 
mal nerve connections have given convincing demonstration of 
the direct dependence of neural integration upon selective speci 
ficity in neuronal connections 

The establishment m development of the proper synaptic con 
necuons for any given nerve cell must typically depend upon a host 
of facion direct and indirect including proper timing of the de 
velopmental sequence It ivould be impossible to consider the 
whole picture here and the reader is referred again to the text 
books on descriptive and experimental embryology The present 
discussion is limited to brief mention of some of the factors that 
appear to be most directly responsible for regulating the formation 
of proper synaptic relations 

Tliese are best illustrated by reference to a concrete example 
such as the genesis of cutaneous local sign For the accurate local 
ization of points on the body surface it is necessary that the central 
reflex relations of the cutaneous fibers match accurately iheir pe 
ripheral connections When this is not the case as after the misdi 
rection of regenerating cutaneous fibers into foreign skin the re 
suit is a corresponding false reference of sensation In a sense 
accurate localization requires that the central connections of the 
cutaneous fibers reflect in an orderly way the entire map of the 
body surface Anatomically it is well established that the topo^ 
phy of the body surface is mapped on the various sensory relay 
stations of the CNS le the gracilis and cuneate nuclei the ventral 
nucleus of the thalamus the postcentral gyrus of the cerebral cor 
tex and also on the cerebellar cortex 
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The TOY m 3vh.ch the orderly anatomical arrangement o£ thu 

curneoXtem IS achieved in developmentht.been.nv^ 

to a small extent (Mmer, 1951, Sperry, 1954) and would seem 

something as follows An initial outgrowth o! cutaneous fihe 

the skin leads to terminal connections that are large y ran 
within each dermatome The integument meantime “"dergo® 
early held type dilfereniiation that sets off dorsal from . 

and head from tail skin This is believed to be achieved throng 
the establishment of two embryonic gradients of differenu . 
an anteroposterior and a donoventral gradient, laid down at ng 
angles to each other As a result of these two axes of differenuation. 
each cutaneous spot on the body surface becomes marked ^ 
bination of two gradients giving it a latitude and longitude, so 
speak, that is unique for each individual spot on each side o 

body ^ 

^penments have shoim that the local topographic speci 7 
of the integument becomes impressed m some form upon the cu 
uneous fibers through their terminal contacts The specifici^ 
stamped on the terminals of the cutaneous fibers then 
throughout the extent of the nerve cell In the case of the sensory 
neurons of the hind limb for example, this means a spread cen 
ttally into the lumbar dorsal root ganglia and along the 
roots into the cord "Within the cord the qualitative speafici^ 
spreads along the posterior columns for long distances, particular y 
Tostrally ivhere many fibers extend all the ivay to the nucleus glaci > 
at the base of the medulla Within the latter nucleus and at a 
segmental levels along the cord, the specificity factor must sprea 
also into the fine collateral fibers that arbonze withm the gray 
matter to form synaptic connections with the second order sensory 
neurons 


The local sign speaficity that is stamped upon the cutaneous 
fibers at the periphery and is spread thus centrally into all the 
grovk mg ups of the finest central collaterals is presumed to 
mine the type of second order neuroiu which the growing tips ivi 
find acceptable for synapsis This inference implies the existence 
of a similarly refined qualitative specificity among the central neu 
Tons Presumably the cutaneous centers of the medulla, thal^niu^ 
and cortex undergo sclf-diffcrcnuaiion, in such a v.'ay that the 
qualitative properties of the neurons become distributed in an 
orderly pattern with reference to the dermatomes of the body 
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Fibers from one nucleus grossing imo ihe next liiglier center pre 
siimebly base selective tendencies so establish synaptic linkages in 
the proper part of the nucleus or corneal area into ishieh they 
grots Meclianical and other developmental forces are also involved 
all along the ssa), particularly in guiding the Bbers from one cen 
iral siation to the next 


The foregoing example includes several principles that appear 
to have rather general applicability, namely the initnl selMiffer 
cntiation of llie end organ, the induction of local specificity in the 
peripheral nerves through leiminal contact with the end organ, 
the sclWiffercntiation of central neurons, and the regulation of 
synoptic formation on the basis of specific diemical affinities be 
tuecn the various types of difTerennatcd neurons Perhaps the cen 
tral concept here from the standpoint of evolution is that the 
inlicrent neuronal connectivity is determined through specific 
chemical affinities betv\cen the different classes of neurons and 


tint these affinities arise out of processes of cell differentiation 
which are controlled ultimately through gene action The fact that 
the pariicuhr patterns of chemical affinity that happen to arise in 
development ire just the ones needed to produce circuit connec 
lions (hat are functionally adaptive is attributable to evolutionary 
selection and related factors in the same manner as is the adapta 
bihtyofall developmental processes 

Tlje intcmeuronal affiniiics are not simple one to-one relations 


hfuscle proprioceptive fibers for example establish excitatory syn 
apuc relations with the motomeuroru of their own muscles and 
with a variety of inlcmunaals leading to synergic muscles and 
apparently also inhibitory synapses leading to antagonistic muscles 
(Lloyd 1955) In addition the proprioceptors establish connections 
leading into the ascending cerebellar tracts and into the dorsal 
columns It would seem to be the rule rather than the exception 
that neurons have affinities for a variety of other neuron types It 
M not inconceivable that the synaptic predispositions shown by a 
given fiber may be conditioned by lU surroundings and may thus 
differ as the elongating fiber enters different regions of the central 
nervous system These predispositions might differ also with time 
as the neuron goes through successive phases of maturation In any 
case there rvould appear to be httle or no Itnt.t .0 'Ito complex.ty 
of neuronal mterconnect.ons posable in principle rmh this kind 


of scheme 
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Many, but not all, behavioral changes in evolution 
panied by correlated changes in the nonneural sensory and m 
appaiatus Often the modifications in the peripheral apparatus ^r 
imt as critical or more so than those m the central nen-ous system 
Actually one could take almost any phase of 
show It to be important tor behavior The embryonic determina 
non of such things as length of limb bones, size and “’'“S 
fiivht muscles, size and elficiency of endocrine glands, <a>"atu 
of cornea and lens, even oxygen capacity of hemoglobin, a™ ° ’ 
can all be sho\sn to have more or less direct influence on be a 


and Its survival value i „prv 

In regard to the question of which evolves first, the centra 
ous behavior pattern or the peripheral apparatus with whic to 
carry it out, it must be a hen egg type of relationship for the mos 
part with concomitant development of both being necessary O'' 
ever, from the standpoint of development, the central nervous pat 
terns would seem to be the more difficult to evolve and ther^te 
to constitute more of a limiting factor m evolutionary change Tlus 
IS not necessanly true of the simpler neural changes that involve 
only the pnmary sensory and motor pathways or isolated centra 
nuclei and aflect merely numbers of neurons and/or their thresh 
olds It applies mainly to higher level integrative mechanisms m 
volvtng complex and widespread intemeuronal connections 
The course of cell diflerentiation in ontogeny may be visualize 
in a dendritic pattern like the evolution of species in phylogeny 
It is then apparent that a developmental change that affects only 
one or a fevs closely related terminal twigs in the ontogenetic tree 
should be easier to initiate and to establish than one which re 
quires coordinated changes in many widely separated branches 
Apparently simple ’ morphologic changes frequently depen 
upon numerous integrated alterations of the development process 
In the case of a complex paiicm of central nervous integration the 
complications arc multiplied manyfold Tlie evolution of a com 
plex instinctive behavior pattern such as that of nest building 
example, must involve a scattered array of adjustments m many 
areas of the brain These could not all spring full blown from 3 
single gene mutation Changes in one nucleus must be made with 
reference to those in other nuclei Tlie whole central nervous pat 
tem must therefore be put together step by step in the course o 
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evolution each genetic change being made in lernis of and i.ith 
reference to all the othen 

With regard to the interrelation of genetic mutations in effect 
mg a coordinated pattern of morphologic change it should be re 
membcred that genes tend to control development through proc 
esses that already are intrinsically adaptive by nature For example 
the fact Uiat eye size is right for orbit size m any species is not 
achieved by separate genetic control of the absolute size of each 
It can be shown that tlic orbit will adjust itself through a consider 
able range to fit the sizes of eyes transplanted from other species 
(Twjtty 1932) This kind of thing occurs all through development 
An enlargement of the eye and optic nerve will tend to produce a 
corresponding enlargement of the optic lobe in the midbrain 
through the stimulating effect of optic fiber ingrowth upon optic 
lobe development (Kollros 1953) The sensory and motor nuclei 
in general tend to adjust m size to changes in the size of the penph 
eral load they come to innervate 
Many new developmental problems are associated with the evo- 
lution of learning capacity Since the neural basis of learning is still 
unknotvn there is little that can be said about the developmental 
processes by which it is installed in the brain Perhaps it is a matter 
of increasing the number of association neurons perhaps of in 
creasing the number of fiber connections per neuron or perhaps 
primarily of increasing some type of cytoplasmic plasticity m the 
nerve cells — or perhaps it is none of these or that a combination of 
several such factors with others ts required 
Where a given behaiior pattern could be organized in deselop- 
ment either by learning or by inheritance one would expect other 
things equal that learning would be favored because it is more 
plastic and adaptable and therefore should have greater survival 
value This would not apply to that background of neural organ 
iration that exists as a coininon denominator invariant in the be 
havior of all membeis of a species The centering reactions of Ihe 
optic system and the oculogyric redexes might be examples There 
would be no survival saluc m relegating the development of such 
to the sphere of learning since there normally is no call for adap- 
tive alterations in these circuits On the other hand it is conceiv 
able that once the learning capacity of a species were suir.cicnlly 
evolved it might be easier and more economical from the stand 
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point oE developmental mechanics to drop the “ 

time and gradually turn the orgamration task over to leami g 
One m^t infer further that with a sufficiently increased 1 
mg capacity all inherent organization could be 
behavioral organization be assigned to the learning proces 
true, and it seems highly probable, that a rather elaborate and p 
cisely designed neural mechanism is a prerequisite for leamm-, 
then the foregoing would be logically impossible An 
background of neural organization has to be installed m a 
by genetically controlled forces before new adaptive behavior p 
terns can be selected and nonadaptive ones eliminated by proc 


ol learning r<» the 

Generally speaking, however, it is to be expected that on ^ 
learning capacity has evoked to a certain degree as in the big 
pnmates further evolution will tend to take the form of 
development of learning capacity rather than of further ela o 
tion of instinctive behavior patterns This would hold until 
ing and its effects became so powerful (as m human society) t 3 
physiological survival value no longer figures as an importa ^ 
hmitmg factor At this point entirely new man made principles 
esolution appear and anything can happen 

For something like imprinting to occur, an elaborate prepay 
lion must be made through purely innate developmental niec 
nisms Some brains are inherently so organized in growth that un 
printing can occur, others arc not The capacity for impnnting 
must oolve through developmental mechanics just as do fu Y 
structured instincts 

The developmental basis of behavior becomes particularly com 
plicated r^ihcrc the normal development or maturation process 
o\ crlaps early learning Under these conditions the effects of learn 
mg and maturation may be combined m many forms Furthermore 
function may also be important as a general nonspecific factor that 
pTC\cnts atrophy from lack of use 

In the e^olutton of «ocial behavior additional orders of com 
plexity enter the picture m that the evolution of behavior patterns 
m each sex caste or other subgroup have to wait on the concur 
rently c\ ok ing beha\ lor of other members of the group Although 
ihis ma) not add new problems from a strictly developmental view 
point It docs multiply those mentioned 
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Cmnparative Neurology and the Evolution of 
Behavior * 

Karl Pribram 

INSTITUTE or LIVING 


The rules established for loahation of function in the brain can best be 
dernorutrated by example The first structure, which naturally belongs 
amongst the most imporunt, u the structure dealing with sexual activity. 
tA rcproduane functions The following evidence attests to the proposition 
that these functions ate served by one particular part of the brain It w 
larger in those speaes possessed with greater sexual vigour; >t ib 

males than in females (a corollary of the faa that activity is cyclic m the 
female), after castration or m old age, the stniaure becomes smaller as the 
skull increases in thickness Additional evidence comes from climeat eases 
where pnapistn and satyriasis are frequently observed in patients with catvi 
cal pathology The author knew a man m Vienna whose sexual activiues 
were remarkable This man was so uninhibited and imaiuble that he must 
have SIX women one after the other, to saiufy him. Postmortem, this man's 
cerebellum was found tremendously enlarged (Call, 1807, translated and 
paraphrased } 


So far as the functions of the gyrus anguli are concerned, cxpenraental 
evince is scant, owing to the inaccessibility of this region I have noted 
Bram of Helen H Gardener-. Alice Chenowcih Day” Amer Jour 
Phys Anthropo!. 11, 29-73 •O’?) that m the two sexes the preeuneous 
ll!!!? N dinCTcnce m sue than any other portion of the cortex, being 

«r tN ^ developed in the male, and it was suggested that represenuuon 
^ locahred there This difference between the sexes 
“"finned by Mctflcr m the brain of the monkey Sensations re 
seems in possess 3 high degree of emotional coloring — there 

of sur^-rv ‘ fof *be anaem view of La Peyronie professor 

o' 

anilomial •'uiiin 'of I”> of iM 

1* (or for that matter i» *" «ndicates however that Professor Ro*® 
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COMPlItATll E '^EUrOLOCY AND BEHAI ion 

It is not too surprising lhat reccml)- an eminent stndent of the 
nenous system slated his disappointment tuth the contnbntion 
made by the comparative method to an undentandmg of cerebral 
lunctton (Bajlcy, 1919) On the other hand, formulations such as 
those uhich propose the neural coireJatcs of emotion on the basis 
01 comparatiNc anatomical maicna! continue to excite the interest 
necessar) to spasm experiments {Herrick, 1948, Paper 1957. 

^919) of these rather diverse approadies most appro- 
priately indicates uhat s\e might expect comparative neurology to 
contribute to the undentanding of the evolution of behavior? My 
ansvver, to be developed by example, lies somewhere between these 
extremes I believe tint precise comparative data carefully ana 
lyred, can lead to testable hypotheses concerning the taxonomy 
of behavior that by observation and experiment such hypotheses 
can then be tested and the resulting data systematized These sys 
tematic taxonomic schemes then serve as a base for further hy 
polhescs — both at the neural and at the behavioral level — and the 
observation-experiment systernatuation c)c!e repeated This ap- 
proach provides the flexibility which is lacking in systems of hy 
potheses (imphcic or explicit) and avoids the nihilism of disap- 
pointment resulting from the collapse of such systems when they 
become suflic/ently awkward under the impact of new data 


This approach is not without difficulties, however As an ex 
ample of the piifaJb posed, I can tell a story on myself A specific 
behavior pattern can be mediated by different neural mechanisms 
m different species In studying the functions of the so-called silent 
areas of the primate cerebral cortex, two behavioral tests have 
proved especially valuable the choice reaction in which an animal 
chooses one of two disparate objects in order to receive a reward 
and the delayed reaction in whicli the rewarded choice is between 
Uhe objects which are differentiated by some prior signal Failure 
to perform these tasks had provided a reliable index of damage to 
two circumscribed portions of the pnmaie cerebral mantle (the 
anterofronial and infcrotemporal cortex) Since one of these por 
tions (the frontal) has been referred to by the lofty title the organ 
of civilization (Halstead 154?) surprising that, m 

spite of repeated warnings to myself I had inadvertently ^me to 
vtewsveh tasks as measures of some especially high and noble func 
tions Of this delusion I was quickly divested one afternoon when 
to my surprise, I witched pigrovs (Femer and Skinner 1957) per 
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form these and many other more complex t^ks “ " 
some respects better than, my primate relatives. And ‘ 
and heard that even the octopus (Young, 1 953) cou pet 
which had been invented to demonstrate that children a 
had ideas, I had to face the fact that, though monkeys 
cortical tissue might experience grave dilTiculties witli sue ■ 
nonxnammalian species manage their affairs remarkably w 
out a cerebral mantle. The descriptive term “enccphalization. 
used to cover these facts, docs not help much m elucidating? 
problems of cerebral function or those of classirication ® ^ 

havior exemplified by these "choice" tasks. Nor does it 
overly enthusiastic evaluation of the importance of the partic 
neural mechanism and of the behavior patterns it serves. ^ 

The task of relating the evolution of any given behavior p ^ 
tern to the des’elopment of neural structure is little different ro 
that of relating behavior patterns to other anatomical entiti 
two organisms may use phylogcnetically unrelated structures 
accomplish apparently similar behaviors (analogy): of more m ^ 
est to us, structures which can be shown related by comparahv 
morphology may serve patterns of behavior which supernaa y 
appear to have no common clement (homology). More often t 
not, the neural structures involved have undergone some changes 
(e.g. enlargement, rotation, altered configuration); in addinon* 
the behavior patterns to be compared are frequently ill 


or may even be completely unstudied in one of the species 


consideration. Thus, the congruity or disparity of the behavior 
remains in question until techniques are devised which test com 
parable behavior in both species — this in turn is dependent on a 
fairly thorough understanding of the behavior patterns under in- 
vestigation. Why, then, this effort? The assumption underlying 
such endeavor is that the several behavior patterns served by 
homologous neural structures share some common element. Thus» 
uncovering a behavioral process which, in spite of superficial 
modifications, is shown to depend on homologous neural struc 
tures provides a valid criterion useful in a taxonomy of behavioi’ 
— and valid criteria for classification are not abundant in lb® 
behavioral sciences. The demonstration of such constancies can 
then be utilized as the backdrop against which the evolutionary 
changes (designated above as "superhcial”) can be understood. 

My presentation has the following central thesis: Until now, 
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compArativc neurological data have been used in very specific 
svaj-j to support the notion tim certain behavior patterns are in- 
nately determmed while other paiicms are predominantly the 
result of cacpencncc. The argument has been made that innately 
determined “instinctive" behavior patterns arc served by neural 
mcclianisms which are uniform ihrougfiout phylogeny; that the 
neural mceJjanisms wr\'ing “learned'' behavior vary considerably 
among phyla, reaching their maximum development in primates. 
Furthermore, tlie difference In forebrain structures which has 
been invoted to support this chanetcrization of the dicliotomy 
between "instinct" and "learning" has been the difference be- 
isvecn palco- .and archipallial formations on the one hand and 
ncopallial formations on the other. I plan to show that this par- 
ticular formulation is in error (sec also Deach, 1552). In its place I 
propose that a more useful distinction is describ^ between an 
interna] core and an external portion of the prosencephalon; that 
the internal core is primarily related to changes In central nervous 
system excitability; that the external portion serves propagation 
of piitems of signals; that the internal core Is primarily concerned 
in mechanisms necessary to the performance of behavior sequertees 
svhile the external portion is related to informational processes 
necessary in disaiminative behavior. £af/i of these major divisions 
of the forebrain has "old" and "new" subdivisions; each of the 
classes of behavior (sequential and discriminative) is l/ol/t innate 
and experieniiallymodifiablc. 


Tjie Vertebrate Forebrain 
Although an undifferentiated forebrain (prosencephalon) is 
recognizable in preverlebrale chordates (Cephalochordata, e.g. 
Amphioxus). the cliaractcristic division of the vertebrate brain 
into telencephalon, dicnccphalon, mesencephalon, metenceph- 
alon, and myeicncephalon is found in primitive vertebrates (cy- 
clostomcs, e.g., lampreys) and is considered prototypical of that of 
all other vertebrates. In cyehslomes the telencephalon has two 
"cerebral hemispheres"; the dicnccphalon is divisible into hypo 
thalamus, thalamus proper, and epithalamus — however the thal- 
amus proper is not well developed, especially in its dorsal portion. 
Still greater differentiation of the forebrain can be observed in 
the carlilaginous fishes (clasmobtanclw, c.g. dogfish, skate, shark). 
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The telencephalon ts enlarged both m ita basal (stnatal 
pontons and m root (palhum) In add.t.on to the d.encephal c 
totstons noted in qclostomes. the thalamns proper « »“bd.ude 
into a ventral and a dorsal portion The pnmitive pallium ot me 
cartilaginous fish differentiates further in two directions (, ) 
certain of the bony fish (ganoids and teleosts) paleopal la 
archipalhal rudiments, though discernible, are not as ptomi 
as a h)popallial (also called neostrialal) formation which res 
from an exversion ot the cerebral mantle increased through v ^ 
tral growth (2) In amphibia a primordial archipallium is o\e ^ 
shadowed by the development of the paleopallium through me is 
growth of the cerebral mantle over a thickened septum, amyg ^ 
and paleostriatum, rudiments of a general cortex are recogniza 
Concurrently, the amphibian dorsal thalamus enlarges consi e 
ably Thus, the major divisions of the vertebrate prosencepha on 
are clearly discerned m all tetrapods 
The differentiation of the prosencephalon is even more 
cnt in the reptiles (and birds) and culminates in mammals 1 
reptilian (and avian) telencephalon emphasizes the aTchipalln^^ 
over the paleopallium and general cortex, in mammals the genera 
cortex assumes ascendancy In the reptilian (and avran) diencepn 
alon, the donal thalamus differentiates recognizable internal an 
external portions The internal portion is composed of centra 
medial (n rotundus) and anterior nuclear masses, the externa 
portion, of a ventral nuclear mass (n dorsolateralis anterior), ® 
posterior nuclear mass (n ovalts) and a geniculate complete (*^ 
geniculatus ventrahs)— and in birds a n geniculatus mcdiali^ 
A similar grouping can be made of the nuclei of the mammalian 
thalamus and will be discussed in detail below (This r&um^ ^ 
based on Kappers, Huber, and Crosby, 1936) 


Comparative Behavior of Vertebrates 

The broad outlines of the comparative neurology of die 
framammahan prosencephalon are thus fairly well delineated ^ 
increasing differentiation of the rostral end of the neuraxis ^ 
desmbed as one proceeds from prevertebrate chordates through 
cephalochordates, qclostomes. ffshes, amphibia, reptiles, to birds 
and mammals Can a parallel increase in the differentiauon (co^ 
plexity) of behavior patterns, or of certam classes of behavior 
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patterns, be traced in these organisms? Precise behavioral data 
regarding presertebrate chordates, cephalochordates. and cyclo- 
stomes are practically nonexistent Precise comparative behavioral 
studies of fishes, amphibia reptiles, and birds do not support any 
notions that these forms differ significantly from each other or 
from mammals tvith regard to the complexity of the total be 
haMoral repertoire displayed Discriminations as m mazes (TinUe 
paugh. 1932. Franz, 1927, Yetkes, 1903). speed of learning 
(Churchill, igiG), and the duration of retention of learned re 
Sponses (Goldsmith, 1914), when they have been measured, show 
remarkable similarity among these s-anous vertebrates Differ 
ences, when they do occur, are attributable to differences in pe- 
ripheral receptive and manipulative structures and do not cor 
relate with differences between the forebrains of these animals 
(Warden et al , 1936) Nonetheless, fundamental differences m the 
structure of behavior, though not as yet subjected to rigorous ex 
penmental comparisons, are noted by the comparative psychol 

OgiSt 

Yerkes (1904, 1905), in a series of studies, presented different 
auditory stimuli to a frog Some of these stimuli (eg splashing 
svater) altered the rate of respiration without any diange m the 
overt response of the animal If, however, the sound was shortly 
followed by a visual stimulus, the frogs jumped sooner than if no 
auditory stimulation Jiad preceded Other results show that am 
phibia may be ‘ tensed by one or another stimulus so that re 
sponse to a subsequent stimulus of a different type may be influ 
enced This ability to delay a response (hesitate) represents a 
different type of sensory control of action from the rather in 
flexible immediate response to stimulation which is found m 
fishes This trend toivard the multiple ‘sensory’ determination 
of an action is paralleled by a trend toward a multiple ‘moiiva 
uonal determination of response — eg fish under the influence of 
factors leading to reproductite behavior are insensitive for long 
periods to factors which at other times lead to feeding flight, 
or rest (Warden et al , 1936) 

The trend toward multiple determination of action m these 
vertebrates is at the present rvriung, the one generalization dc 
rived from the study of comparative behaiior winch correlatw 
with the comparative neurological gcneraliration that describes the 
progressive differentiation of the forebram This trend m bchav 
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ior has, as a rule, been ascribed to the emergence ^ " 

neocortex in the tetrapods-I prefer to 1 r.ur“ in 

tion of all of the diencephalic and prosencephalic 
making a correlation. The more restricted correlation 
from the premise that paleopaUial and archipalUal 
function exclusively as olfactory structures, a premise which 
been shown erroneous (Pribram and Kruger, 1954)* nonm 
malian tetrapods, the archi- and paleopaUial forebrain structu 
and their diencephalic correspondents are the predominant nei^ 
formations — new behavioral manifestations may as well be a 
tributed to the appearance of these formations as to the appw^ 
ance of a rudimentary general cortex. My plea: let us not ignore 
the archi- and paleopaUial formations and their diencephalic cor 
respondents by relegating to them only olfactory functions: 
keep open the possibility that the trend toward multiple ' sensory 
and "motivational" determination of behavior in submamma lan 
vertebrates is correlated with the progressive differentiation of t 
entire forebrain, and not with the appearance of one or anotii 
specific structure such as the general cortex. 


The Mammalian Forebrain 

With this imroduaion to the comparative evolution of the 
vertebrate forebrain and the possibilities of the correlation 0 
observed structural differences to differences in behavior, let m 
turn to a more minute examination of the mammalian forebrain 
and correlations between the evolution of its structure and the 
evolution of behavior. The neurological truism that the key to the 
understanding of the forebrain is to be found in an understanding 
of its input is given new impetus by recent advances in neuro- 
physiology. A most significant series of contributions has deline- 
ated differences between those systems in the neuraxis which 1»® 
close to the central canal and those more laterally placed. The 
systems near the central canal arc characterized by many synapses» 
by fine, short fibers, by a diffuseness of interconnections. Those 
systems which are remote from the central canal are characterized 
by large, long fiber tracts so constituted that considerable topo- 
ogical co^espondencc is maintained between periphery and cen- 
tral terminus. Receptor excitation is mediated through both 
systems (Starzl et al., 1951). Destruction of the internally placed 
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systems grossly alters central nervous system excitability flue 
tuaiions as measured by the eleciroencephalogram Such destruc 
tion also interferes v.ith normal activity cycles such as sleep- 
wakefulness. though leaving muct the organism's specific reactions 
to specific stimulation (eg turning head and eyes toward a light) 
(Lindsley, et al , 1950) Destruction of the more laterally placed 
input sjstems interferes with these specific reactions (mode spe- 
cificity, c g visual, auditory, somesthetic. topographic specificity, 
eg anesthesia or paralysis of a hand, a visual field defect) The 
initial terminus of these various input 5 )stems in the forebrain is 
the diencephalon As we have already noted, the vertebrate dien 
cephalon early differentiates into a hypothalamus, a thalamus 
proper, and an epithalamus Hypothalamic nuclei situated in 
proximity to the third ventricle partake of the characteristics of 
the diffuse "activating* input systems (Magoun, ig5o), little is 
knotvn concerning the input relationships of the epithalamus 
The thalamus proper is our mam concern It may be divided into 
a ventral and a dorsal portion The development and iunctions of 
the ventral portion (reticular and donolatcral geniculate nuclei) 
are not well understood Some experiments suggest that there is 
a diffuse input to the reticular nucleus and that diffuse activation 
or facilitation of the telencephalon results from stimulation of the 
reticular and donolateral geniculate nuclei (Jasper, 1949) Other 
evidence (Chow, 1952, Rose, 1950), however, suggests that the 
connections of the reticular nucleus with the endbrain are more 
specific and that no diffuse activation results (Starzl and Magoun, 
1951) from stimulation of this structure It is clear, however, that 
the proportion of ventral thalamic structure to dorsal thalamus is 
lajger in submammalian vertebrates than in mammals As the 
thalamus proper becomes more and more differentiated in vanous 
mammals, the increased differentiation (and increased mass) takes 
place exclusively within the dorsal thalamus It is to this structure, 
therefore, that we turn for an undersunding of the functions of 
the mammalian forebrain 

The Dorsal Thalamus and Its Telencephauc 
Projections 

The mammalian doreal thalamus is composed of several nuclear 
groups u hich are identifiable in piacticall)- all mammalian s^ies 
(Fig 7 1) On the basis that some o£ these nuclei bear a fairly 



pniBRAM 


consistent relation to one another, an external “"l 

temal core ot the thalamus can he distinguished T 
portion IS composed oE the \enttal, the posterior ( 
puHinar), and the geniculate nuclei In camisores and P" 
this external portion is, for a considerable extent. 
from the internal core oE the dorsal thalamus by an aggrega 
oE fibers, the internal medullary lamina and its rostral ^ 

surrounding the anterior nuclear group (Figs 7 1 Bnd 2) 
internal core oE the dorsal thalamus may also be subdivided 1 
three large groups the anterior, the medial, and the centra (mi 
line and intralaminar) (Fig 71) . 

Each oE the major subdivisions (external and internal) may 
further characterized according to the type of its nontelencep 3 * 
major input (Fig 7 3) Thus, the \entrai and geniculate nuclei 0 
the external division are the terminations of the large, topologi 
cally discrete “specific’ afferent tracts (e g spinothalamic, tnge® 
inal, lemniscal, and the brachium conjunctivum, as tsell 3S t 
optic and otic radiations) of the somauc, gustatory, auditor), an 
visual systems (Walker, 1938) Within the internal core, the an 
tenor nuclei receive an mput from the posterior hypothalaint^ 
through the mammillothalamic tract, the central nuclei recei'C 
those nonspecific diffuse afferents by \vzy of the reticular fortn 3 
tion of the mesencephalon, and in addition a probable input from 
the anteromedial hypothalamus (Mono, 1950, Monn et al , 195 *) 
(The hypothalamus, as i\e have already seen, partakes of the char 
actenstics of the diffuse systems) Thus the constanaes of raor 
phology m the mammalian thalamus reflect certain gross distinc 


tions ivhich can be made in the types of input to the forebrain 
The other tiso nuclear groups, the posterior m the external 
portion and the medial in the internal core, do not receive any 
such major extrathalamic input and have been classified therefore 
as the intrinsic nuclei of the thalamus (Rose and Woobey, 
1949) Important to our argument, which is detailed below, is the 
fact that there is an intrinsic nucleus m each of the major thalainic 
di\ isions (see Fig 7 3) 

The projections to the telencephalon of the dorsal thalamus 
base been delineated m several mammals The external portion 
of the dorsal thalamus projects to the dorsolateral and posienor 
cortex (Fig 7 ,4) The nuclei of the internal core project to the 
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■ 938, Mettler, 19,7, Pnbram « al , 1953) The anlenor and the 
central nuclei project to the medial and basal forebratn strueiures 
the anterior nuclei to the limbic areas on the medial surface of the 
frontal and parietal lobes (Rose. 1937. Waller. 1937. Ushleyand 
i>perTy, jgjg. Rose and Woolsey, ig^Sb, Mettler, 1947, Pnbram 
and Fulton. 1951. Pnbram and Barry, 1956) The central nuclei 
project (Rose and ^Voolsey. 1949 Droogleeier Fonuyn, 1950, 
Powell and Cow'an. 1956, Pnbram and Bagshaw, 1953, Bashaw 
and Pribram, 1953) to the anterior rhinencephalic and closely re 
lated juxtallocortira! areas and basal ganglia (second rhinence 
phalic system as defined by Pnbram and Kruger, 1954) 


NfiUROBEHAVIQRAL STUDtES (MaMMALS) 

The elementary functions in behavior of the ventral and genic 
ulate nuclear groups and their projections to the dorsolateral and 
posterior cerebral cortex sviH not be discussed here Lashley's 
many studies in Vision (e g J94») and those of Kluver (eg 194a) 
and of Harlow and Setilage (eg Harlow, 1939 Seitlage, 1939) 
in this modality, the studies of Ruch (eg Ruch and Fulton, 1935) 
and of Zubek (eg 195s) m somesthesis those of Nefi and his 
group m audition (e g Jenson and Neff, 1953) and of Patton and 
Ruch (1944), of Benjamin and Pfaffmann (1955), and of Bagshaw 
and Pnbram (1953) in taste, can be referred to for summanes of 
this work in animals Studies m man may be reviewed by referring 
to the Research Publications of the Association for Research m 
Nervous and Mental Diseases (1956) Essential to our argument 
IS the demonstration by these studies that a separate thalamocorti 
cal system is involved m each of these sensory modalities 
The elementary functions in behavior of the antenor and cen 
tral nuclear groups and their projections to the medial and basal 
telencephalon have been dehneated only recently These ihala 
mocortical systems serve behavior which has often been classified 
as * instinctive, * a classification which is acceptable provided the 
definition of instinct does not depend on the characteristic that 
the behavior is innate (Afore will be said below about the appro- 
priate defining characteristic) Specifically, ablations and stimula 
tions of the medial and basal telencephalon have affected feeding 
behavior (Pnbram and Bagshaw, 1953. Stamm 19553 Wcis- 
krantz, 1953). fighting or aggressive behavior (Bard and Mount 
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and Nauta, 1953V ® j j>„„ ,039, Pribram and Fulton, 

Mountcastle, 1948. W^ver and J' Klmg. 1953' 

,954, Pribram and i9-;*;6_ p„bram and Weiskrantr 

Brady et al , 1954. ''''‘7”"“’ ^ „„„ 1939. Schreiner and 
1957)" iu®“"S behavior (kluve ny,!?!,., al 1953. Stamm, 
klmg 1953) observation that, m con 

:^?’?ofhrr:o1du;:;earcXes of 

m dtcirbe^erhator adequately Thus, a 
diRerently to a food or sex object than ^vI P 

thether fighting or fleeing will occur m a social 
depend on a multipl.aty of yet undetermined ^ 

(perhaps amount of total stimulation), maternal h 
elicited m the normal nulliparous organism 

The ' intrinsic posterior and medial nuclear proups 
projections are of special interest The 
the two intrinsic thalamic nuclear groups and their P™J“ 
may be assigned to two separate divisions in all mamma ( - 

as we have seen, even m nonmammalian tetrapods) sugg 
hypothesis regarding the taxonomy of the behavior ‘ 

structures The hypothesis may be stated simply (a) the benav 
served by the postenor intrinsic nuclei and their projections 
the PTO cortex will share some common and exclusive elemen 
with the behavior served by the remainder of the extern^ t a 
lamic division and its projections (b) the behavior served by t 
medial intrinsic nucleus and its projections to the anterofron 
cortex will share some common and exclusive element with t 
behavior served by the remainder of the internal core of t 
thalamus and its projections Studies generated by this hypothesis 
and utilizing the monkey tor the most part have been under way 
for a decade They have been detailed in other publications (Ful 
ton, 1951, Pribram, 1955 and in press, a) so that a summary wou 
be more appropriate for this occasion 

^Vlth respect to the postenor group and its projections, hot 
the morphological and the behavioral facts are overwhelming Y 
consistent in support o£ the hypothesis Anatomical contiguity 



COMPARATn E NEUROLOGY AND BENAVIOR ijj 

between the posterior nuclei and the ventral group is so intimate 
m all species that precise delimcion of the boundaries between 
them IS often difficult (Chow and Pribram, 1956) Contiguity with 
the geniculate group is maintained posterolaterally in all mam 
mals in spite of a marled ventril rotation of this group and lU 
virtual separation from the rest of the thalamus in primates 
Neurobebavioral studies have shown that damage to the PTO 
cortex (whidi derives its thalamic input from the posterior nuclear 
group) affects the animals' ability to make choices among disparate 
environmental events, whether that ability has been preopera 
tively instilled or is investigated by postoperatively administered 
training procedures (Warren and Baron, 19^6 Blum et al , 1950 
Mishkin, 1954, Mishkin and Pribram 1954, Pribram and Barry, 
1956) Depending on the location of the damage within the PTO 
cortex, choices mediated by one or another sense modality are 
affected, thus far, no effects tnnscending modality have been 
uncovered by such experiments Recent behavioral experiments 
on man (Wallach and Averbach, 1955) which demonstrate the 
hitherto unsuspected importance of modahtyspecific meniones 
may also be mentioned m support of the hypothesis Thus the 
element common to the behavior served by the external portion of 
the dorsal thalamus and its projection to the dorsolateral and 
posterior cerebral areas is some as yet poorly defined sensory 
mode specific ‘differentiation factor important to the solution 
of discrimination tasks 

Evidence contrary to the hypothesis has come entirely from 
studies on man Stimulation of the temporal convexity of the 
cerebrum m patients suffenng from epilepsy due to brain pathol 
ogy and sufficiently severe to warrant surgical intervention has 
elicited 'memories (Penfield and Ja«pcr, 1954) These findings 
have been interpreted to mean that the portion of the brain m 
volved m such stimulations serves ' memory functions in general 
It is clear, however, that in practically all cases memories in only 
one modality are elicited m any one patient from any reasonably 
circumscribed locus, and that the vanable pathological involve 
ment of brain tissue makes mterpatient comparison of data with 
respect to this problem difficult Other evidence suggests that cer 
tarn portions of the PTO cortex may serve intermodality visual 

somatic spatial' orientation m man (Sernmes cl a! , 1955 Hum 

phrey and Zangwill, 1952) The lesions producing such spatui 
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agnosia’ are, of course, not clearly arcumscnbed or defined Nor 
hL the suggestion that such spatial symptoms may result from a 
purely somatosensory defect been adequately explored, though the 
findings svith respect to the other agnosias (Bay, 1950) urge such 
an exploration 

Nonetheless, these dau from the clinic serve to sharpen the 
focus on the relerance of our problem to the evolution of behay 
lor Stated succinctly it is this Does the complexity of mans 
perceptual processes (including the language function) evolve 
through the development of a supramodality or association mech 
anisra or does it evoUe through the deselopment of a mechanism 
permitting greater differentiation ivithin each modality (Gibson 
and Gibson, 1955)’ Comparative morphology leads me to place 
my bet on the latter 

S)*stcmati2ation of morphological and behavioral data regarding 
the medial intnnsic nuclei and their projections to the antero 
frontal cortex is some;>hat more difficult The morphological 
kinship of the medial nuclei with the central (midline and intra 
laminar) has been pointed out (Rose and Woolsey, 1948b) the 
medial nucleus fuses * with the midline and intralaminar nuclei 
to such a degree that their separation is sometimes artificial ’ 
Conugmty with the anterior nuclei is maintained anterodorsally 
in all mammals 

Ncurobehavioral studies have shown that damage to the antcro- 
frontal cortex (which derives its thalamic mput from the medial 
nuclear group) affects the animals* ability to solve tasks in which 
correct solution is not determined by the concurrent environment 
but depends exclusively upon some prior event (Morgan and 
Stellar, 1950, Jacobsen, 1936, Jacobsen and Nissen, 1937. Harlow 
and Settlage, 1948, Harlow ct al , 1952, Mishkin and Pnbram 

*955 *95®) It* these tasks sequential behavioral dependenaes are 

mvohed and these arc implicated irrespective of the modality 
which mediates the 'prior event (Pnbram and Mishkin, 195® 
Pnbram 1950) 

What common element is to be found in the behavior affected 
by manipulations of the medial and basal telencephalon (the 
projection areas of ihc anterior and central nuclear groups) and 
that affected by manipulations of the anteroBrontal cortex? Ai* 
ansv^er is suggested by the findings that both antcrofrontal and 
medial and basal cerebral lesions (but not those of the dorsolateral 
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and posterior convexity) niarUdly shorten the duration o£ an 
avoidance reaction (Pnbram and Fnlton ,954. Pnbram and Bag 
Shaw, 1953, Brady and Natita. 1955, Pribram and Weisktantz, 
* 957 ) Anaijsis of the variables important m the deficit produced 
in the delayed reaction and a/temation tasks by the frontal lesion 
^Ie>er et al, 1951, Nissen et al, 1938, Fman. 1942, Mishkin and 
Pnbram, 1955, Pnbram, 1950) dearly demonstrates the irapor 
tance of the animal's reaction to i/te signal which indicates the 
choice subsequenily reivarded The duralioti of this reaction has 
been shoim to be critical (Malmo, 1942) Analysis of the effects 
on behavior of medial and basal teicncephalic manipulations also 
points to alterations m the duration of units m the sequences 
involved in feeding, fighting and fleeing mating and maternal 
behavior (Weiskrantz, 1953, Fuller cl al, 1957, Rosvold et al, 
* 954 » Pnbram and Bagshaw, 1953, Pribram and Fulton, 1954 
Pnbram and Weiskrantz, 1957) Thus the element common to 
the behavior served by the internal core of thalamic nuclei and 
their projections to the anterofrontal, medial, and basal telen 
cephalon appears to be an as yet poorly defined, nonmodaUty 
speafic ‘ durational" factor important to the solution of sequen 
tial tasks 

The manner in which the mediobasal forebram structures 
which, as we have seen, are charactcmed by ‘nonspecific inputs 
affect such a durational factor has been suggested elsewhere 
(Pnbram, in press, b) Essentially, the telencephalon, as well as 
the dienccphalon and mesencephalon, shows a gradient of orgam 
ration from the ependymal lining outward This gradient is ex 
pressed as the complexity of possible neuronal patterning within 
a system at any one moment m time The mediobasal limbic s)^ 
terns of the telencephalon not only are heavily interconnected 
with the medial diencephalon and mesencephalon but also show 
functional similarities to these latter systems Specifically, dif 
fuseness rather than spatial or modality specifiaty characterues the 
relationships of the mediobasal systems and peripheral structures 
Activity in the mediobasal systems affects other central neural 
mechanisms through parallel connections so arranged that different 
amounts of synaptic delay are interposed m each of the connecting 
tracts the result, cumulation of neuronal actnity effecting 
changes of excitability of neural tissue, not changes in momentary 
patterns of activity These changes in excitability are akin to 
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dectrotonic, synaptic, and dendritic potential changes rather than 
to the propagated nerve impuUe Thus, experiments such as the 
neuropharmacological ones dealing with neural phenomena show 
ing a slow time course may in the immediate future be exacted 
to increase our understanding of the behavioral processes affecte 
by mediobasal system ablations and stimulations 1 e behaviors 
categorized as feeding, fleeing, fighting, mating, and maternal 

Summary and Conclusions 

^Ve have traced the dilTerentiauon of the forebrain in nonmam 
mahan vertebrates and detailed some of the constanaes in the 
still more complex differentiation in mammals We have seen 
that an attempt to correlate the progressive differentiation of the 
vertebrate forebrain vMth a progressive differentiation of the total 
repertoire of behavior patterns fails to find support in compara 
tive ps)chological data, on the other hand, one aspect of behavior, 

1 c the increasing capacity to make any particular response subject 
to multiple ‘ sensory and * motivational determination, does 
appear to correlate with the increasing differentiation of the 
vertebrate forebrain Contrary to earlier generalizations, which 
were based on the erroneous assumption that archi and paleo- 
palhal structures v%eTe primanly devoted to olfactory processes, 
current available data are more harmoniously sjstematized by 
taking into account the progressive development of these medial 
and basal forebrain structures as well as the dorsolateral denva 
lives of the general cortex. The tentauve formulation that the 
medial and basal forebrain structures partake in the increasing 
evolutionary differentiation of the forebrain finds support in the 
analj^is of mammalian thalamocortical comparative morphology 
An internal core of dorsal thalamic nuclei and their projections 
to the fronto-mediobasal aspects of the telencephalon can be dis- 
tinguished in all mammals from an external portion of the dorsal 
thalamus and its projections to the postero^iorsolateral aspect of 
the telencephalon The projections of the internal core of nuclei 
are intimately related to the archi and paleopallial portions of 
the forebrain — significantly, hovscver, newer formations such as 
the medial nucleus and its projection to the anterofrontal cortex 
develop v^ithm tins internal core Thus the classical dichotomy 
between older forebrain structures and new formations is modi 
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fied for the purposes of our anal)sis a dichotomy more relevant 
to this discussion is one between an internal or centrally located 
core of neural systems and an external portion of the farebrain 
Each of these portions the external and the internal contains 
both old and new formations 

Each of the two major divisions of the forebrain is characterized 
by Its input and by its functions in bchsiior T/re external portion 
receives a sensory mode specific input tlirough tracts made up of 
large long nerve fibers These tracts are so constituted as to main 
tain a topological correspondence between the organization of 
receptor eients and tJiose occurring in the forebrain The func 
tions of the external portion in behavior have to do with the 
performance of discrimination tasks Mode specificity and differ 
entiation of cues are invofved not only when those sectors which 
receive the input are studied but also when behavior is affected 
by manipulations of the intrinsic sectors of this external portion 
The internal core of the forebrain receives a nonspecific input 
through systems made up of fine short nerve fibers diffusely con 
nected by many synapses These systems are so constituted as to 
influence the fluctuating excitability of the forebrain rather than 
to transmit patterns of signals The functions of this internal core 
of systems in behavior have to do with the performance of tasks 
involving sequential response dependencies for their solulion 
Changes in the order and duration of the units constituting such a 
behavior sequence arc involved not only when tliose sectors which 
receive the input are studied but also when behavior is affected 
by manipulations of the intrinsic sector of this internal core 
This formulation of the data of comparative neurology and 
comparative psychology proposes the following questions Hare 
rve in emphasizing the dichotomy betiveen those formations 
which are represented in most vertebrates and those winch are the 
special acquisition of primates missed the significance of the 
equaffy important findings tftaf rn some torm or another all fort 
brain structures are represented in all but the most pnmitire 
vertebrates that differentiation docs not take place in a straight 
line fashion but that amphibia show a preponderance of palco- 
palhal formations reptiles and birds of archistnaial and archi 
palhal structures, while mammals specialize in dorsal thalamus 
neostriatum and general (neo) cortex? Hare we in otir P^eoccu 
pation with the dichotomy between those formations which dit 
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feientiatc in presumably "louer" forms and those which differ- 
entiate in primates, lost sight of a distinction in forebrain anatomy 
which can he discerned in practically all vertebrates and dominates 
the picture in mammaU viz the distinction between a core ot 
internally situated forebrain formations and more externally 
placed systems’ Have vse. m emphasizing the dichotom) beti\een 
behavior which is apparently determined by ‘ innate ’ mechanisms 
and that which is apparently * learned " confused this dichotomy 
with an even more interesting distinction between behavior which 
is inflexibly determined and that which has multiple determina 
tion’ Have we, in emphasizing the biological aspects of the "mo- 
tivational' and the environmenul aspects of the "sensory” process, 
missed the taxonomic significance of the difference between be 
havior involving the sequential dependency of responses and 
behavior involving discnmination? These are specific questions 
which can be answered by specific senes of expenments and ob- 
servations Comparative neurology has a wealth of detailed knowl 


edge which, if sifted with precision, care, and imagination, can 
form the foundation for hypotheses concerning the taxonomic be 
havioral schemes so basic to an understanding of the evolution of 
behavior There ts a place in our current scientific endeavors for 
such a comparative neurology 


During the past half<cntury, morphology has seemed to 
be declining in favor, its problems submerged in the more 
attractive programs of the experimentalists Nevertheless, 
activity in this field has not abated, and nov% there is a ren 
aissance, the reasons for which are plain Conventional 
methods of anatomical research have laid a secure factual 
foundation, but the supcrsiruclure must be designed on radi 
cally different lines Several centuries of diligent inquiry by 
numerous competent workers have produced a vast amount 
of published research on the anatomy and physiology of the 
nervous systems of lower vertebrates, but most of this litera 
turc IS meaningless to the student of the human nervous 
system, and, as mentioned at the beginning of this book, its 
significance for human neurology has until recently seemed 
hardly commensurate with the great labor expended upon it 
The last two decades have inaugurated a radical change, lO 
vshich vsc recognize two factors 
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In the first place, teclinical improvements m tlie instru 
mentation and methods of attack have opened new fields of 
inquiry hitherto inaccessible To cite only a few illustrations, 
new methods for the study of microchemistry and the physical 
chemistry of living substance, radical improvement in the 
optical efficiency of the compound microscope, the invention 
oi the electron microscope, and the application of the oscil 
lograph to the study of the electrophysiology of nervous 
tissue are opening new vistas in neurology, which involve 
quite as radical a revolution as that experienced a few cen 
tunes earlier when microscopy was first employed in biologi 
cal research 

A second and even more significant revolution is in process 
in the mental attitudes of the workers themselves toward 
their problems and toward one another A healthy skepticism 
regarding all traditional dogmas is liberating our minds and 
encouraging radical innovations in both methodology and 
interpretation And. perhaps as a result of this the traditional 
isolationism and compartitton of the several academic dis 
ciphnes is breaking down The specialists are now converging 
their efforts upon the same workbench, and cooperative re 
search by anatomists physiologuts, chemisu psychologists, 
clinical neurologists, psychiatrists, and pathologists yields re- 
sults hitherto unattainable What js actually going on in the 
brain during normal and disordered activity is slowly coming 
to light 

Here the comparative method comes to full fruition, and 
comparative morphology acquires meaning not as an esoteric 
discipline dealing witli abstractions but as an integral and 
indispensable component of the primary task of saence— to 
understand nature and its processes and to learn how to ad 
just our own lives in harmony with natural things and events, 
including our own and ourneigbbon motivations and satis 
factions (Herrick 1948) 
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Evolution of J^europhysiological Mechanism 

Theodore H Bullocit 


UNiVEas/TY or CAUrokKtA, tat Awcrtt* 


Though I avoid saying so m the title of this chapter, m the 
context of the present symposium it seems certain I am expected 
to discuss the neurophysiological basis of bcliaviorf Because of the 
general feehng of this group that candor may sometimes be con 
struciive in the end, 1 will in fact unburden myself of one or two 
thoughts on this theme, but essemially they uill begin and end 
■with a disclaimer of our ability to contribute fundamentally at 
present to the real question Then I shall devote the bulk of my 
time to an attempt to make some generalizations about the evolu 
lion of those physiological mechanisms we do know about, since 
they have something to do with behavior and may explain a good 
fraction of it 

What can we possibly say when the questioner, however he 
phrases it, really asks ‘ Is there yet assurance that physiological 
mechanisms will be able to account for observed behavior? ‘ How 
ever horrified — svhethcr from the naiveli of the hope or the im 
plied doubt of the mechanistic position — we cannot overlook such 
a basic question 

To be sure, there is almost nothing easier for the well read 
contempoiaty than to cue recent advances by physiologists using 
behavioral tests or by psychologists using physiological technics 
And m a sense a great deal can be said that is pertinent to. or 
underlies, or must be kept in mind concerning or that nairoivs 
down the problem of or anatomically localizes some neurophysio- 
logical bases for behavior But at bottom we do not have a decent 
inkling of the neuronal mechanism of learning or the physiolog 
ical substratum of instinctive patterns or virtually any complex 
behavioral manifestation Indeed, if one considers the other great 
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problems m natural science it seems dear that the gulf benveen 
our knoivledge of neurophysiology and our knoivledge of behav 
lor IS at least as rvide as any other that confronts us 
This great problem has been on the minds of many, and not 
only in times past Both Eccles (1953) and Sherrington {1950), 
among other physiologists, have recently given full-dress treat 
raents to one aspect of the brain mind problem and both have 
given their ansvser as dualistic ' It is here contended that such a 
special property [of the cerebral cortex, placing it in a separate 
category from all the remainder of the matter-energy, or natural 
world] in outstanding measure is exhibited by the dymamic pat 
terns of neuronal activity that occur in the cerebral cortex during 
conscious states, and the hypothesis is developed that the brain by 
means of this speaal property enters mto liaison with mind, hav 
mg the function of a ‘detector* that has a sensitivity of a different 
kind and order from that of any physical instrument (Eccles, 
1953 PP 267-8) 

Now the first general conclusion I will state here is that this 
position IS not acceptable to all physiologists It appears to some 
of them, induding myself, a position into which one may be 
forced by exclusion of alternatives, but we are far from having 
the evidence to exclude such alternatives ^Vc hesitate, though, 
vvhen It comes to formulating more tenable proposals in familiar 
terms 

One way of expressing our faith — and it is just that — is to say 
that there remain to be discovered new and emergent levels of 
physiological relations between neurons in masses, which vail ex 
plain the gaps in our understanding of the phenomena of behav 
lor, and that mind is simply a name for some of these relations or 
their consequences It is my understanding that the hydraulic 
engineer cannot explain the turbulence of the flow of water in a 
pipe in terms of the known properties of the elementary units, 
and that the behavior of the atmosphere could not be predicted 
on our relatively full knowledge of the gases The concept of 
emergent propenies, believed to inhere in the properties of the 
lower levels but not readily prediaed with an incomplete knowl 
edge, IS an old and familiar one It offers only a refuge, but it docs 
offer ihaL ® 

\\c believe then that behavior vmU be understood in physio- 
logical terms one day, but that this day « a long way off The 
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problems rihidi we cannot yet solve are not only mind and m 
correlates, eg sensation, but learning and complex integrations 
such as those analyzing input and formulating patterned output 
Meantime tliere is much to be done that is both interesting and 
significant, and there is always the possibility of stumbling upon 
one of those new levels of physiological relations among nerve 
cells 

Having disclaimed that neurophysiology can offer substantial 
explanations at present of the higher aspects of behavior, I would 
like to turn to positive aspects and examine certain neurophjsio* 
logical mechanisms, which doubtless have something to do with be 
havior, looking for meaningful statements about their evolution 

1 COELENTERATES AND THE NeRVE NeT 

Whenever we think of the evolution of neurological mecha 
nisms the coelenterates come particularly to mind as a strategic 
group Here is the lowest phylum of animals living today that 
possesses a true nervous system, and encompassing as it does the 
sea anemones jellyhsh, and their allies, it represents a relatively 
low level of behavioral complexity The nervous system certainly 
1$ different from that of higher animals m being diffuse, that u to 
say lacking a central nervous concentration This means a relative 
autonomy of all parts of the animal since the sensory, neural, 
and motor elements necessary for local response are present vir 
tually everywhere The nerve cells are for the most part isopolar 
and either multipolar or bipolar, we lack the charactenstic mono- 
polar neurons of higher invertebrates and heteropolar multipolars 
of vertebrates The sense organs arc few and simple These fea 
tures are associated with the relative simplicity of behavior but 
hardly suffice to explain it 

We must look into the functional organization of the nervous 
sjTSfem hcanyKsiexpianaiion Here vrehavecome lo the remark 
able position m recent years that the leading student, C F A 
Pantin, has opined (1952) that we are probably closer to under 
standing the behavior of these animals on the grounds of their 
known nervous organization than any others Nevertheless much 
remains to be learned 

Very brief!), to take the example of the sea anemone there are 
a number of muscle sheets— longitudinal radial, and circular-in 
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the column in the mesentenes, and in the tentacles and oral 
disc Each oE these muscle types has a characteristic threshold for 
the number oE nerve impulses per second reaching it through the 
nerve net to which it will respond, as well as a curve, above this 
threshold, of response at each frequency This means that a con 
siderable part of the variety o£ movements the animal is capable of 
can be understood in terms of the differential response to different 
frequencies of arriving impulses in the same nerve net 

Beyond this there is present m certain portions of the nerve net 
a neuroneural facilitation, that is to say a differential response to 
different frequencies of arriving nerve impulses, at junctions be 
tween nerve cell and nerve cell Thus the determination of 
whether an excitation will spread beyond a certain point rests 
with this property of the synapses Other parts of the nervous 
system have junctions which do not require such facilitation but 
are in the nature of through-conducting pathways The two types 
of nerve net can between them, give us either local response or 
response at a disunce from the site of stimulation And tins re 
sponse at a distance can itself be confined to certain muscles ac 
cording to the frequency of the nerve impulses The frequency of 
nerve impulses m the net will be determined among other things 
by the properties of the receptor cells m tlie epiihelia which re 
ccivc stimulation from the environment Response to stimulation 
will therefore depend largely upon and be explained largely by 
the location of tlic stimulated receptors and the intensity of their 
discharge of impulses into ilic nerve net In some animals and 
situations ilicrc may be more than two nerve nets (Horridge, 
1955)' ^’^d each may have its own properties with respect to these 
characteristics 

So far the functions of the nervous system dealt with have been 
explicable on the basis of familiar mechanisms There is evidence 
tint the nerve fibers conduct all-or none impulses of the same 
general form and duration as the spikes in higher animals that 
the junction between nerve cells and muscle elements and the 
sjnapses among ncr\e cells arc very similar to some of those 
known in higher forms ^Vhcn wc add that there is evidence of 
spontaneous activity m this diffuse nervous system leading to 
marked changes m the movements and behavior of the animal 
under apparently unchanging environmental conditions (Batham 
and Paniin 1950), we will recognize yet another of the familiar 
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properties o£ nervous tissue m all groups This sponUneous ac 
tivity has been studied in the mtzet anemone and is characrenzed 
by pliases or periods of movement of a certain group of muscles 
leading to 1 certain form of external behavior giving uay to 
quiescence of these muscles and possibly activity of others An 
interesting point is that the time scale is very slow — of the order 
of minutes and hours instead of the milliseconds and seconds 
characteristic of higher animals — and that similarly stimulation 
produces long lasting effects and stimuli spaced many seconds 
apart elicit response Thus a stimulus that initiates one impulse 
in the net every fifteen seconds can alter activity and strong 
stimulation during the day may be followed by locomotion during 
the ensuing night Due the question is just how far the behavior 
we obsenrC can be explained by the so called familiar properties 

Conceivably much of the observed spontaneous activity could 
originate from single loci which all at once breaL over a threshold 
and become spontaneous the discharge being defined by an 
average frequency over some penod Buck (195-1) has recently 
described vividly the luminescence response of sea pansies — a type 
of colonial soft coral— to excessne stimulation After a period of 
continuous stimulation these colonies begin to luminesce spon 
taneously instead of only upon stimulation and the spontaneous 
waves of fummescence spread from many distinct loci to involve 
the svhole colony The waves arise so frequently and with such 
a shifting of loci and development of new loci that one gams the 
impression of a frenzied activity It may last for minutes and then 
die down We have called it m the laboratory berserking and 
It cannot but suggest a simple form of focal epilepsy— in the ab- 
sence of a brainl 

However we cannot feel satisfied that we understand the behav 
lor of corals sea anemones or jellyfish Even if we do not have 
some of the more complex forms of jMtterned discharge to explain 
we do not seem able to account for all we do see The loci of 
origin of the spontaneous discharges in sea anemones are not 

random there is coordination of activity in different muscles and 

there is a pattern to the recurrence of activity over long periods 
We cannot attnbute these changes in actisiiy entirely to the cn 
vironment and must invoke a form of memory or of slow change 
of state accessible to the environment and influenced by prc\ lous 
activity but with intrinsic properties and time course which will 
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determine recurrence apart from the environment. "We have no 
idea of the nature or location of these unknown processes. 


2. Higher Invertebrates 

When ^ve move up to the higher invertebrates, ^ve have evi- 
dence of more complex physiological mechanisms. (1) An example 
is the triggered response, a pattern of effector activity which is 
determined by built-in mechanisms; the environmental stimulus 
can only control its occurrence or nonoccurrence and not its pat- 
tern. For instance, Hagitmra and Watanabe (1956) have shown 
that, independent of the nature or strength of the stimulus to the 
posterior end of a cicada, the reflex production of sound accom- 
plished by muscles in the thorax is at the same fixed frequency. 
They delivered different numbers and frequencies of impulses 
into the ganglion containing the neurons which control the 
sound-producing muscle; recorded the output from the final 
motor neurons, of which there are two, one for each side; and 
discovered the fixity of the frequency of their discharge, independ- 
ent of input. And there are other examples of triggered responses, 
especially among giant fiber-mediated movements (\Viersma, 1952; 
Bullock, 1953, 1957). Some of these involve many impulses com- 
ing in for a few going out, and some a few impulses coming in and 
many out. 

(2) Besides these cases of a fixed output, which is merely trig- 
gered, there are those mechanisms permitting output to vary, 
depending on the input, but with a bias or amplifying factor 
which is built in and which may be adjustable according to other 
parameters of the environment or past history. This is integration, 
and it may reach a fairly advanced level. Yet we see all this hap- 
pening in some quite simple situations, such as the neuromuscular 
junction of crustaceans. Here the output is a function of the input 
in terms of frequency of arriving ncr\'e impulses, as in the coelen- 
terates, but with a vastly different time scale and svith the addi- 
tional feature that several incoming nerve fibers converge upon 
Ac same effector cell, each having a different function between 
input and output. (3) This (unction is variable, not only as a 
result of the past history or the interaction beuveen different 
incoming paihivays but also by the addition of a new pathrvay, a 
peripheral inhibitory nerve fiber. IVhen impulses arrive in this 
pathway, the output measured as a contraction of the muscle is 
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depressed, depending on the frequency of inhibitory nene im 
pulses (Katz, 1949 Wiersma 1953) 

Some input-output curves are quite nonlinear, at least m por 
tions of the range, and, although we lack direct measurements 
It IS easy to imagine that (4) by cascading stages of such nonlinear 
input-output relations quite drastic consequences can be realized 
For example, we can expect shaip step {unctions, giving, as it 
were, response in either of two stable mannen, with a sharp 
threshold discriminating between graded degrees of input and 
labile according to the factors which control the form of the curve 
m each stage 

We are looking in this section for examples of neurophj'siologi 
cal mechanisms which cliaractenze the intermediate evolutionary 
levels We come now (5) to instances of a genesis of patterned dis 
charge which 15 completely intemally determined The best case 
thus far demonstrated is the periodic discharge of the cardiac 
ganglion of the lobster heart (Maynard, 1955, >956 Hagiwara and 
Bullock, 1957) This IS a neurogenic heart in which the beat is 
initiated in the ganglion and is not a single, aJI-ornone response 
of the myocardium but a partial tetanus avhose form is determined 
by a burst of several score of impulses coming from the nine nerve 
cells of the ganglion — in sequence and ivith individual freqtten 
cies which are repeated within narrow limits for many beats The 
pattern in such a case is accessible both to generalized influence 
such as the chemical miUcu of the blood and the state of inflation 
of the heart and to influences coming through specific nenes from 
the central nervous system, both inhibitory and acceleratory But 
when these are all m a steady state, the ganglion by itself is capable 
of generating a penodic repeated complex paliem ft is not yet 
clear whether this depends upon Teciprocai mieiaciion of some 
neurons back upon those which paced them or can originate in 
patterned burst of a single cell But certainly it depends upon 
the presence of pacemakers and of complex functions of output 
and input of individual neurons and upon special relations among 
the properties of the pacemaker or the cells which influence it, 
preventing continuous discharge and assuring intermittent silent 
periods That is, the pendulum which swings betueen active dis 
diarge and silence does not slow down to a low level of continuous 
finng We are beginning to learn something of the cellular proper 
ties behind some of these examples of integration 

For example, m the higher invertebrates we encounter for the 
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first time — not excluding the possibility of their presence in the 
coelenterates, to be sure — phenomena such as (6) the graded 
sy-naptic potential, which before any postsynaptic impulse has 
arisen can algebraically add the several incoming presynaptic bar 
rages in a complex way These incoming barrages are of different 
value depending upon the pathway and a standing bias Indeed, 
so much can be done by means of this graded and nonlinear local 
phenomenon pnor to the initiation of any postsynaptic impulse 
that v.e can no more think of the typical synapse in integrative 
systems as being a digital device exclusively as was commonly as 
sumed a few yean ago, but rather as being a complex analogue 
device which finally converts into a digital outpuL At least the 
output IS digital in the familiar cases, but as I have suggested 
before, it is quite possible that the effective output of many 
neurons is the graded, local event 

There is not space to develop or even illustrate the degrees of 
freedom which account for the great possibilities of such junctions 
and therefore of cascaded systems of such interrelations (Prosser, 
1950, Bullock, 1952, 1957), but we must name some of them, for 
these are the actual properties on which most of our knowledge 
of the evolution of neurophysiological mechanisms is based Be 
sides (a) facilitation we may sec (b) de&cihtation or a negative 
effect of shorter intervals We may see (c) maintained output with 
maintained input or (d) adaptation to mamtained stimulation or 
(e) escape from mamtained inhibition, both varymg according to 
the intensity and duration of the stimulation We may see re 
bound at the end of influx or the absence of rebound (g) Inhibi 
tion can affect disproportionately different parameters of the re 
sponse, for example, the number of nerve impulses in a burst may 
be depressed but the frequency of those impulses not depressed- 
(h) We see various forms and intergrades betvseen subthreshold 
sinusoidal osallations and rclaication oscillations which slowly 
develop to a critical point, then precipitate an event that carries 
the oscillating level back to a starting pomt from which another 
cycle can develop In still other situations (1) we sec slow poten 
tials of the subthreshold sort, which owvng to some protecuon 
from being earned back by each impulse to a starting level, are 
able to determine the initiation of a senes of impulses This is 
one means of bnnging about a one to-many mput-output relation 
The mechanisms propcrucs. or degrees of freedom of simple 



EVOLUTtON OF HEV ItOPtlTSlOLOCtCAL MECHANISMS ,73 

gioups of neurons outlined here are capable of accounting for 
great complexities Indeed. McCulloch (1951) concluded that a 
finite population of nerve cells could m fact with far fewer de 
grees of freedom accomplish any conceivable degree of complex 
behavior The question is not whether we can imagine a system of 
neurons of known properties which could accomplish the observed 
behavior but whether these mechanisms in fact are the only ones 
responsible and whether the actual brain m any way resembles 
the conceivable model 

But the point I want to make here is that this variety of proper 
ties and of degrees of freedom at the neuronal level has all been 
demonstmted in simple groups of neurons or single neurons or 
peripheral junctions in invertebrate animals 

3 More Complex Nervous Systems 

If we move up to still more complex systems such as the central 
nervous system of higher animals where w-e have lastly more 
complex behavior to account for. it 1$ significant and interesting 
that virtually no new neurophysiological mechanums have been 
discovered at the level of those just listed There arc a few more 
cell types, anatomically There 1$ little that is fundamentally dif 
ferent about the properties of the units We are uncertain whether 
there is a really significant difference in the architecture of the 
assemblages of units, though this remains a dislmci hope At least 
we cannot say that the architecture is greatly different as between 
ape and man (But Sperry in this volume reminds us that neurons 
can be strikingly differentiated chemically and that we cannot 
rule out a possible correlation between new functional achieve 
ment and new chemical cell types ) 

A sinking case of our thesis that the important properties of the 
units of tfie higher nervous systems are already found m the lowest 
or are of great antiquity instead of being novel is the local and 
graded response of dendrites which has recently loomed as espe 
cially important m understanding the physiology of the cortex of 
the cerebrum m the mammal This property or something indis 
tinguishable from it wc have seen m the simple ganglia of the 
invertebrate, and already, in coelentcraies subthreshold stimula 
uon is summated even with long mtenals between stimuli so 
that wc may assume similar processes are transpiring here Clare 
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and Bishop (1955) have suggested tliat there is a stage in ev olution 
o£ nervous tissue in which no all-or none propagated impulses but 
only such graded and decrementally spread events occur Such a 
stage has not been found, hut it is quite reasonable to compare 
the properties of the cortical dendnte with those of sensory rami 
ficauons of primary sense cells and possibly of terminal branches 
of axons in at least some presynaptic regions 

Tliough we cannot point to fundamentally new elements in the 
neuronal mechanisms of the highest centers, still, it is difficult to 
assume that their greatly enlarged accomplishments are solely at 
tnbutable to the great increase in numbers of neurons and inter 
connections between them, unless this in itself brings on nerv 
properties and mechanisms Many apparently assume as a first 
approximation that the mam &ctor in increasmg behavioral com 
plexity m evolution is the number of neurons — even invoking a 
kmd of critical which permits new levels of behavior I 
would mvite exammation of this concept. Consider ants versus 
grasshoppers, guppies versus tuna, small snails and enormous 
conchs mouse and elephant. Even v\hen the brain is not as large 
in proportion in the larger animals and even if much of it is 
mcrcased sensory and motor apparatus, there remains a large 
absolute difference in mtemeurons and m the size of higher 
centers, m fav or of the large speaes Yet no conspicuous behav 
loral correlate can be assigned to this But a mouse, which could 
hide under the bram of a large shark, has something new It seems 
clear that number of neurons correlates with behavioral com 
plexity so poorly as to explain little unless we add as the really 
essential part that certain kinds of neurons not now definable, 
or — ^v\hat is the same thing— certain kinds of newer properties or 
consequences of neuronal architecture, are the important sub- 
stratum of adv’ance This conclusion does not deny that number 
of cells and connections contributes to advance, especially m 
widely separated groups It does not support or conflict with 
Renschs (1956) suggesUon for closely related groups 

"We do not need to dwell on the evidence that at these nev'^ 
levels of nervous complexity new consequences are achieved as 
revealed by ph>siological tests to sa> nothing of ethological cn 
tena We thmk of the dramatic results of stimulating localized 
regions of the mammalian brain producing subtle emotional 
expressions or very generalized arousal, ulcers of the stomach or 
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hypersexuality, or appetite for more of the electncal stimulation 
so that if electrical conneaions are provided the animal will 
stimulate itself as though satisfying some drive In the conscious 
human subject crude focal stimulation can trigger a vivid expen 
ence of a familiar piece of music There exists much to encourage 
us to believe that the highest manifestations of behavioral com 
plexity, including learning and memory, insight and altruism, 
introspection and aesthetic experience, will be accessible to the 
physiologist’s stimulating electrodes 
I would emphasize that exploring the brain with physiological 
and suigical intervention and behavioral endpoint is one of the 
greatest and most fruitful areas for investigation in the foreseeable 
future, and I pay my respects, as an ardent follower, to those 
pioneers who have already shown us such exciting vistas m this 
approach, the only approach which seems superficially to be really 
getting at the no man’s land between neurophysiology and be 
havior (see, for example, Gellhom, 1953, Adrian Bremer, and 
Jasper, 1954, Olds and Milner, 1954, Brady and Nauta, 1955 
Pribram and Mishkin, 1956, Morrell and Jasper, 1956) 

And yet, having said this, I think we must recognize that these 
experiments are at present and as far as we can extrapolate them, 
likely only to localize the behavioral phenomena in the bram, to 
indicate more clearly the relative role of different parts of the 
brain, or to show the accessibility of the behavior to influences 
applied centrally, as we already know of their accessibility to 
influences applied peripherally They can further subdivide and 
systematize as well as better delineate the kinds of symptomatic 
phenomena ivliich are represented topographically or are sep- 
arated from each other in space or in sensitivity to different 
stimuli, but basically we are not bridging the gap or putting our 
selves in the way of encountering neiv neurophysiological mech 
anisms 

It IS difficult to suggest what dimensions these new mechanisms 
will have It seems likely that they wll involve newly recognized 
levels above the single neuron, and hence emergent properties 
This IS not to say that neuronal mechanisms are adequately 
known And it is not meant to distract attention from the great 
power to explain, inherent in systems of neurons with the many 
degrees of freedom already known and partly outlined abose 
But It asserts a challenge still ahead to explain complex mtegra 
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tions like that between cochlear nerve and auditory cortex, cerebel- 
lar input and output, lesion- and anesthesia resistant memory, 
scanning, attention, set, or the difference between Pribram’s dis- 
criminative and sequential functions (in this volume). 

Conclusion 

I do not believe that our present physiology of neurons, extra- 
polated, can account for behavior. The main factor in evolution- 
ary advance is not just numbers of cells and connections. And I 
cannot believe that a dualism between brain and mind either was 
there all along from the coelenterates to man or suddenly ap- 
peared somewhere in between The relation between brain and 
mind evolves in association with a physiological substratum, and 
hence there is no dualism Our hope lies in the discovery of new 
parameters of neuronal systems. 
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Part Three 


Categories of Behavior 


The first CHA^TER o£ Um section (Chapter 9) 
Itself provides an introduction to the whole sec 
non, which is mainly devoted to a sampling of the 
tremendous body of data on specific items and 
kinds of behavior That chapter also includes an 
approach to the exceptionally difficult problems of 
a taxonomy of behavior Although the involvement 
of behavior in evolution is pervasive and is em 
phasized, the discussion makes it implicitly clear 
that a phylogenetic classification of behavior, in the 
same sense as that m ivhich ue have (or are seek 
mg) a phylogenetic classification of organisms, 
themselves, is not practicable There is not the 
comparatively simple situation of branching line 
ages in time, but a multiplicity of axes, a multi 
dimensionality, in any full categorization of behav 
lor. Along one of the axes, the mam categories 
proposed are functional, descriptive, and explana 
tory Chapter 10, devoted to food getting, exempli 
lies a category functional in definition and there 
fore cuttmg across other axes, such as the one on 
which formal aspects may be classified, eg by the 
effectors, receptors, and integrators involved, as 
likewise suggested m Chapter 9 Chapter jo dem 
onstrates that ivithm such a functional category as 
food getting a phyli^enetic reconstruaion is a defi 
nite possibility, although most of die abundant 
data sull await such orgamration, and comersely 
that disergence of funcuonal behavior is clearly 
related to the rise of the higher categories in the 



ROE ASD SIMPSON 

taxonomy oE animals. The next example, that oE 
territoriality as reviewed in Chapter ii, is at pres- 
ent mainly descriptive as categorized along the 
functional-descriptive-cxplanatory axis. There are, 
however, many cues toward placing the subjea in 
the explanatory category. Territoriality further ex- 
emplifies the abstraction of one common clement 
among behaviors so extremely varied and complex 
as to include or touch on almost any aspect what- 
ever of behavior among the vertebrates. 

Although they are, of course, based on multiple 
observations of particular populations, such behav- 
ioral studies as those on food getting or territori- 
ality eventually involve trends and generalizations 
over broad stretches, all of the vertebrates or the 
whole animal kingdom. A different and certainly 
no less fruitful approach, developed especially by 
the European school of ethology, is by closely de- 
tailed study of differences in behavioral complexes 
that are species-specific wihin clusters of closely 
related species. Most extensive and perhaps most 
interesting are the data on mating or, more broadly, 
reproductive behavior in birds, and that subject 
is here reviewed in Chapter j2. Explanation is 
sought mainly in terms of microevolutionary proc- 
esses. 

Constantly recurrent in the preceding or almost 
any other discussions of behavior is the problem of 
learning, of its role in various behaviors, and of its 
evolutionary status or involvement. Chapter 13, 
sometimes provocatively unorthodox, confirms the 
general impression of over-all evolutionary in- 
crease in learning caparity while denying the exist- 
ence of truly qualitative changes or marked discon- 
tinuities in that aspect of evolution. The nature of 
learning is also discussed, and a particular theory of 
learning is expounded and defended on es'olulion- 
ary as well as other grounds. 

A final category of behavior that could not be 
omitted from any conscientious sampling is that of 



CATEGORIES OF BEHAVIOR 

social behavior Some of ihe peculiar features of 
human social behavior are deferred to Part V, and 
some decidedly social types of behavior in other 
animals have already been discussed, especially in 
Chapter is Chapter 14 seeks to give a taxonomy 
and frame of reference for use in the evolutionary 
study of social behat lor, and Chapter 1 5 is devoted 
to the outstanding examples of nonhuman social 
behavior, in the social insects, with emphasis on 
the thorough applicability of general evolutionary 
principles to this particular field of behavioral 
evolution 
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Axes of Behavioral Comparison 

Henry W. Nissen‘ 


YERXZS LABORATORIES OB PRIUATE BIOLOGY 


I The Categorization or Behavior 

In this and the folloiving 5ix chapters we are to consider, m 
some detail, the data oE behavior More specifically, we are lo 
examine the constancies and similanties, as well as the larger and 
smaller differences m behaviors exhibited by animals of diverse 
sues, shapes, and internal organization 
A survey of all animal behavior obviously could not be at 
tempted within the scope of a few chapters Even a comprehen 
sive outline would be either too long or else too sketchy to be at 
all useful The compromise solution adopted in these chapters is 
10 sample the area so as to include a variety of behaviors and of 
animal forms The many resulting omissions in the materials 
presented will be obvious The reader will note, also, that the 
several topics or chapter headings of this section are not coirela 
tive, they vary from discussion of a single behavioral mechanism 
assumed to be operative m all animals to a detailed consideration 
of situationally defined behaviors wichm a single taxonomic cate 
gory For a more systematic coverage of the field, the reader might 
start with one of the standard references such as Warden, Jenkins 
and ^Varner (1935, 1936. 1940). Maier and Schneirla (1935), or 
Washburn (1936) 

For a phylogenetic comparison of behavior, the problem of 
classification, of identifying the most meaningful and useful di 
mensions and descriptive units of behavior, 1$ of basic importance 
Indeed one may say it is /Ae problem of pS)choIogy generally 

, rrepirailon of ihis chapter wa» «id«J by Rociefcifer founda 

lion and from the Carnegie Corponiuia et Ae*e 
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Various approaches toivard a definition oE the vectors of mind, tht 
mam axes oE behavior, have been made, but none oE thae bin 
been Eound entirely satisEactory Some arc quite specific ana 
quantitative but cover only a narrow range of behavior. Others 
are inclusi\e but are too vaguely formulated to suggest or permit 
expenmenial verification Psychologists are agreed that muscle 
contractions, or even flexions and extensions, arc not tlie proper 
descriptive units for their science, and they arc likewise agreed 
that such broad concepts as ' intelligence ’ and the “instinct of 
self preservation" are even less useful But between these extremes 
there remain many possible bases of classification 

The categories used for comparisons of behavior may them 
selves be grouped into three classes (A) functional or finalistic, 
(B) descriptive, and (C) explanatory, and these are often inter 
mingled as if they belonged in the same universe of discourse We 
speak of food getting and reproduction, which are functional 
classes, locomotion, which is descriptive, and temtoriahty, social 
behavior, and learning, which, depending on how they are treated, 
may be either descriptive or explanatory classes The functional 
categories indicate the biological utility of behavior, its purpose 
in the sense of how it promotes the welfare of the individual and 
species They point up the similarities or likenesses of animals 
The descriptive and explanatory categories on the other hand 
stress the means the mechanisms or processes by which the pur 
poses are achieved, and, in respect to these, animals differ greatly 
Finally, it should be noted that explanatory categories are of 
several kinds (C-i) The behavior of a species may be explained 
m terms of its phylogenetic history As the behavior of an indiv id 
ual is a function of his heredity plus his individual experiences, 
so the behavior of a species derives from that of its phylogenetic 
precursors plus the effects of mutations and selective pressures 
(C- 2 ) Behavior may be explained reductively by identifying its 
neural, hormonal, and other physical substrates Physiological 
psychology represents the attempt to derive behavioral phenom 
ena from the established principles of presumably simpler, under 
lying levels of organization (C-g) General laws, principles, or 
mechanisms of behavior, formulated ivithout reference to genetic 
antecedents or physiological determinants, may be used singly or 
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lalistjc or operational terms amj sometimes take the form of 
mathematical statements or of models derived by analogy from 
physics or chemistry ° 

As Hebb (ig^g) and others have pointed out, these three kinds 
of explanation often supplement and correct each other most 
helpfully, and U may be hoped that eventually they will be inte 
grated into a unified and seff'Consistent svhole In the mcanume 
however, one or another type must be adopted as basis for dis 
cussion, and at least temporarily a subordinate role assigned to the 
others In the present chapter we shall try to indicate how the 
facts may be ordered under laxvs or principles derived from tJie 
behavioral level of organization — that is under C3 categoncs A 
few groups of mechanisms, of broad applicability, will be sug 
gested they should be thought of as first approximations to more 
specific, experimentally more testable, fonmilaiions 

Before resuming the main theme of this chapter, m sections 5 
and 6 xve dexote the next three sections to a consideration of 
some special features of bebaxior in the general evolutionary 
process 

s The Status of Behavior in Philocenv and 
Taxonomy 

Common sense makes it obvious that the behavior of animals 
IS a major contributing factor for their survivTiI and consequently 
through the mechanisms of heredity, for die course of evolution 
Maintaining favorable relations with the environment u largely 
a function of behavior Possessing efficient skeletal arculatory 
digestive, sense organ and effector systems is not enough All these 
must be used effectively in activities such as food getting repro- 
duction and defense Behavioral incompetence leads to extinction 
as surely as does wvocpUological disproportion or deficiency in any 
vital organ Behavior is subject to scleaion as mudi as bodily 
size or resistance to disease 

We say this is obvious and yet it is mostly an inference The 
record of evolution which is the fossil record tells us very little 
about behavior Bone structures may indicate the manner of Joco- 
mouon used and fossil tracks may fill in some details sucli as the 
can and the speed of locomotion Tlic form of ihe teeth together 
with contemporary plant and animal fossils. ma> suggest the kind 
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oE food eaten, and this in turn may indicate whether the animal 
w-as predaceous, whether it bromed or grazed, and so on. 

But even this is largely inference, usually involving 
with living forms. We do not have, and cannot have, a "phyl^ 
genetic psychology” in the sense that we have a phylogenetic 
morphology. The primary data are lacking. No reporters or cam- 
eramen were on hand during the |M5t billion years or so to make 
a documentary film of “evolution on the march," and nothing 
less than this could serve our need. Comparative psychology re- 
veals differences of behavior among living animals, but that be- 
havior X, which is relatively simple, preceded behavior Y, which 
is more complex or more adaptive, is at best a reasonable guess. 
The best we can do is to borrow paleontological evidence that 
animal A immediately preceded animal B, that living animals Ai 
and Bi are fairly representative of A and B, and so attempt to 
reconstruct a phylogeny of behavior. 

This limitation on certain knowledge of phylogenetic succes- 
sion does not deny the validity of behavioral characten, where 
they are known, for indicating taxonomic relationships. In the 
absence of geological-paleontological evidence, the data of com- 
parative psychology are no less relevant than are the data of 
comparative anatomy. As Mayr points out in this volume, behav- 
ioral differences and similarities arc often more revealing than are 
morphological ones. Furthermore, it seems just as logical and pos- 
sible that an adaptive behavior should give selective value to a re- 
lated structural character as that an adaptive anatomic feature 
should lend selective advantage to behavior which incorporates 
or exploits that structure. Obviously genes do not transmit either 
siruaures or behavior as such, but instead carry the ne«ssary 
physicochemical substrates or conditions of these structures and 
behaviors. There is no a priori reason for supposing that genic 
variation (and selection) of neural determinants regularly either 
follou-s or precedes rariation (and seleaion) of the determinants 
of structures other than those of the nervous system. Mayr sug- 
gests that the question "Structure first or behavior first?" must be 
analyzed separately in each case. Those instances in which a 
change in peripheral structure lags behind, or is not followed by, 
an associated change in behavior, or vice versa, are of course espe- 
cially conspicuous. Howe\-cr, the possibility of selection for varia- 
tions in structure and behavior that occur in combination, more 
or less simultaneously, should not be overlooked. 
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5 DrsriNCTiVE Features of Behavior as 
Adaptive Mechanism 

Behavior as a factor contributing to survival differs from other 
adaptive mechanisnis or characters in several respects 

1 Most obviously, it involves a maximum integration of com 
ponent parts and processes A change m the color, or color pat 
teming of feathers, may have intrinsic adaptive wlue, more or 
less independent of other characters But a change in visual acu 
ity IS without significance except as it modifies behavior, and 
this involves also motor and transmissive elements Behai lor al 
ivays, and without exception, requires the mutually interdepend 
ent action of sensory, motor, and integrating systems Independent 
functioning of any one of these is almost unthinkable, and at best 
It could produce only chaotic sqmrmmgs, spasms, dreams, or hal 
lucmations As many students of behavior have pointed out, be 
havior is a molar phenomenon, as contrasted to the relausely 
molecular phenomena with tvhich physiologists, for instance, are 
concerned This contrast is reflected m the classical dcrmuion of 
behavior as a function of (he organism as-a whole The distinction 
is relative, but it is certainly true that p5}cbolDgy deals with the 
most complex unit, the highest level of integration, dealt with 
by any of the soollcd biological sciences And, conversely, it 
represents the basic unit for all sooUcd social sciences Psychol 
ogy can be thought of as a tuo-ivay funnel, into which the bio- 
logical sciences conserge and from wliicli the social sacnccs 
dnerge (Nisscn, 1954) 

2 A second feature characterizing behavior as an adapttie 
meclianism is the variety and changeableness of the forms which 
It may take The function of a muscle is relatively constant, lU 
response may vary quaniiumcly, but its effect is pretty well de- 
termined by Its locus and insertions But in behavior, which can 
only be described or defined in terms of an organum<nvironmcnt 
relationship, that muscle may participate in approach to food, 
flight from danger, mating or holding an infant Objectively 
identical sensory elements or stimuli eliat differing responses, 
depending on the spatial patterning or temporal sequence of those 
elemenu (Tinbergen. 1918) And the identical spatio-femporal 
patterning of the sensory field may evoke diffcreni reactions at 
different times, depending on the inicmal state of the organism 
Its fatigue, degree of deprivaaon, and hormonal conditions, for 
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instance Furthermore, behavior varies vuth past expcrientt, 
events which occurred a minute, an hour, a day, a ^ear, or hit) 
)ears ago may contribute to the determination of response to the 
present stimulus situation In the case of the so<alIed higher am 
mals not just one or tv.o such past events but probably hundreds 
and thousands of them have their influence on present behavior 
Considering the large number of determining factors — environ 
mental, intraorganic, and experiential — and the enormously larger 
number of permutations which arc possible among them, the 
variability of behavior is hardly surprising By comparison, the 
functioning of other adaptive characters and mechanisms is rcla 
lively simple and constant 

3 Variable and changeable as it is, behavior also manifests 
some remarkable constancies, namely in its end results By and 
large, the activities of organisms lead to rather specific goals, these 
being such as to maintain favorable relations of the organism to 
Its environment — thermal, chemical, nutritional, mechanical, and 
so on The same final outcome (c g eating) may follow a sequence 
of random, trial and-error responses, a largely innate or instinc 
tual pattern, a learned, habitual sequence, or an "insightful 
response The end result, furthermore, may be viewed cither as 
the final act, often called a consummaiory response or uncondi 
tioned reflex, or, alternatively, as the attainment of an object or 
condition which promotes the welfare of the individual or species, 
such as the ingestion of food or care of the young Ordinarily, m 
the environment to vvhich the animal is adapted, these tvso aspects 
go together, ingestion of food usually accompanies the act of 
swallowing The European ethologists (Lorenz, 1937) contend 
that the psychological ' goal is the final movement, the Erbkoor 
dination, and that this is distinct from the biological goal of 
getting food into the stomach However that may be, the high 
degree of correlation, in nature, between the two aspects of 
finality, namely the act and its ixinsequence, makes this a problem 
of subsidiary importance in the context of behavioral evolution 

4 Alternatives in Adaptation 

■\Vithin rather wide limits there are alternative way's of achiev 
mg adaptation The very fact that animals of extremely diverse 
sues and shapes, vsith widely differing organs and organ systems. 
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exist, and more or less successfully persist, documents this sub- 
stitutiveness of adaptive mechanisms It is convenient, m this 
connection, to make a distinction between adaptive mechanisms 
ishich concern primarily the internal economy of the oi^nism 
and those which determine the relations of the animal to its ex 
tcrnal environment The digestive and circulatory systems are 
examples of tlie former, speed of locomotion and acuity of the 
sense organs refer to the latter In general, what is m common 
usage called behavior comprises medianisms for the reguhtion 
of organism environment relationships and these are the prm 
cipal medianisms available to the organism for this purpose 
Structural features obviously contribute in this respect also — the 
thickness and toughness of the integument, for instance, and 
whether it is provided with oil and sweat glands fur, or spines 
Many other anatomical or morphological features are useful — 
adaptive, that is — only as the physical substrates of behavior In 
themselves claws and fangs for instance, are only a dram on the 
internal economy of the oiganism They, and their associated 
muscles, have their biological meaning as contributing elements 
m the behav tors of food getting and defense 
Behavior, therefore, may substitute for structural and physio 
logical features and behavioral limitations may be compensated 
for by other adaptive characters or mechanisms Heavy armor 
protects against predators but so may alertness speed of flight, 
cunning, bluffing, or fighting ability Modifications m the diges 
tive system may enable the animal to get along with the inferior 
diet which is provided by inefficient food getting behavior 
The general principle of substitutiveness of adaptive mcch 
anisms may be seen also within that wide range of phenomena 
called behavior To start with the simple, we have alternative 
avenues of sensory contact with the world, and alternative overt 
ways of moving and manipulating All animals are sensitive to cer 
tarn modalities, but even here poor discrimination in one sense 
may be compensated for by high sensitivity in another Movement 
through space can be achieved by one of a variety of effectors and 
‘ manipulation is possible by many oigans other than the band 
The most interesting and perhaps the most significant behav 
loral alternatives however, pertain to what we loosely call the 
central or integrating mechanism The first order of differentia 
tion or dichotomization in this respect goes by various names. 
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such as natuTC-nunure, genetic or innate vs. experiential deter- 
mination, instinct vs. intelligence, predetermined vs. free behav- 
ior, and reflexive and tropistic vs. plastic, docile, or flexible 
behavior. Despite the careless and ill-considered way in which 
these terms have been applied, and despite the emotional, reli- 
gious, and moralistic “charge” which they often carry, the distinc- 
tion is a scientifically useful one. It is a verifiable fact that in some 
species behavior is highly uniform from individual to individual, 
and that complex activities arc executed precisely and with mini- 
mum opportunity for learning by imitation, tuition, insight, trial- 
and-error, or othenvise. In other species analogous activities — let 
us say food getting, shelter construction, and disposal of excre- 
ments — may be individually variable, and are demonstrably the 
products of learning or experience. The fact that many activities, 
formerly thought to be innate or instinctive, have since been 
shosvn to be modifiable does not negate the validity and impor- 
tance of the distinction, nor does the fact, stressed by Schiller 
(1952) and others, that all so^lled learned behavior incorporates, 
or is based on, genetically determined constituents. The capacity 
to learn, to profit by experience, b of course itself inherited; 
species and individuals vary both quantitatively and qualitatively 
in this hereditary endowment. When the taxonomist says that he 
is interested only in that part of behavior which has a genetic 
basis, he does not thereby exclude the phenomena of ontogenetic 
acquisitions, since these certainly do have an all-important genetic 
basis. 

(It may actually be that some of the differences between what 
we call genetic and experiential determination may reduce to a 
difference in degree of readiness to learn. In other words some 
animals svith a rather limited repertoire of activities learn this 
repertoire with extreme rapidity, whereas others with a much 
wider potential range of activities learn more slowly. The phe- 
nomenon oi Pragung or imprinting, as seen in geese (Lorenz, 
*935)» fits this interpretation, as does the extremely slow achieve- 
ment of even simple locomotion and perceptual ability in the 
c^e of man, who is the “leamingest” of all animals. The fact that 
adult man seems to learn very rapidly is no argument against this 
^ew, since adult human behavior involves little netv learning, 
being guided mostly by the application of old learning to new 
but similar situations. Gencialization, abstraction, transfer, and 
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iransposmon are not tlie same thing as learning although they 
ma; require previous learning What goes by the name of think 
mg IS mostly a recitation of old habits in a slightly different con 
teat, applying the old formula to atoms instead of apples 
However this may be, and even if it tutus out that all behavior 
imolvcs a learning component, the species differences m relatiie 
importance, amount, and rate of learning are so great that giving 
the extremes of the continuum different names, such as innate 
and acquired, is justified and useful ) 


5 Axes of Comparison Formal Aspects 

In accounting for any behavioral event ive must consider both 
Its formal and its motivational aspects In respect to the former, 
ive ask \\hy this particular environmental siiuanon or stimulus is 
followed by this particular response Secondly, we seek to explain 
the frequency and frequency distribution of the stimulus response 
sequence, why it may be almost invariable (as m a reflex) occa 
sional (as in spontaneous or trial and error behavior) or pen 
odic (as in reproductive, feeding or other drive behavior) That 
the formal and motivational aspects are closely interrelated is seen 
especially in the phenomena of learning, where the form of a new 
behavior — an instrumental act — depends m part on the frequency 
or probability of a contiguous event or behavior 
The factors responsible for the form of behavior include (a) 
response or effector mechanisms (b) receptor mechanisms and 
(c) mte^cive mechanisms The present section w concerned uith 
these formal aspects of behavior, and especially widi the mecha 
msms of central integration The following section is devoted to 
the impulsive or motivational aspects 
a The rubric of effector mechanisms includes everything that 
the animal*can do, but particularly motor responses which by 
muscular contractions, produce movements of the body as a whole 
or of us parts A subdivision of motor acts into those of locomo- 
tion and of manipulation (which ivould include such acts as 
biting striking stinging spitting throwing and ramming) is 
usually made In some animals the coordinations required by 
locomotor and manipulative actions arc determined almost en 
tirely by inherited organization whereas m others these motor 
skills are acquired only by long penods of learning and practice 
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Learning capacity usually provides a greater potential scope of 
differentiated and coordinated movements than docs pre-expen 
ential organization 

b The second group of mechanisms determines the various 
sense modalities or forms of energy to which the animal is sensi 
live, the degree of sensitivity m terms of absolute and differential 
thresholds, and the ability to analyze and syntliesize sensory ele 
ments 

c. Our third mam division, integrative mechanisms, includes a 
multiplicity of behavioral phenomena which are as yet very poorly 
undentood Some theonsts have tried to subsume them all under 


a single principle, whereas others have postulated a few or many 
distinct processes or mechanisms Our present discussion will 
consider them under three major subgroups perception, learning, 
and reasoning, which will be taken up m that order 

Analyzing and synthesizing sensory impressions depend first of 
all on refinements of the sense organs, but are mainly functions 
of central mechanisms, and thus represent the transition from 
so-called sensory to cognitive abilities The bat surpasses man 
not only in being able to hear minimal intensities of high 
frequency tones — which is pnmanly a sensory difference — but 
also in responding to the distance and direction of the source 
which IS a difference in perception, involving central integration 
of sensory elements (Gnffin, 1953) A chimpanzee, whose optical 


apparatus is as good as ours, cannot distinguish among different 
spatial and temporal pattcmings of the same visual and auditory 
elements as well as we can (Spragg, 1936) 

Again, animals differ in the genetic basis of their perceptual 
abilities, some having a small but fairly complete repertoire at 
birth, whereas others must build up their perceptions in the 
course of experience Recent work has shown that in some of the 
higher animals at least — such as man and the apes — niost percepts 
arc products of learning The newborn chimpanzee does not see, 
in the ordinary sense of the word, he needs time and practice- 
some three or four months— to recognize his milk bottle and to 
differentiate between familiar and unfamiliar faces (Riesen, 1950) 
in birds, fishes, and insects, on the other hand, many percep- 
tions seem to be innately organized, and therefore do not have 
o e eame ^inbergen, 1951) A given visual pattern, for m 
unce a speciHc dutnbution o£ light on the retina, ehats the 
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same response on early as well as later encounters with that pat 
tern Tlie ethoJogtsts can these innate perceptual organizatjons 
‘inherited releasing schemata* or Amloser What these schemata 
release or elicit are simple mhcrited movement patterns or motor 
coordinations, constant for the species, called ErbkoordtnaUonen 
or Inslinklhandlungen The innate organization of instinctive be 
havior may thus comprise three, at least partially independent, 
integrations perceptions, motor co-ordmations, and perceptual 
motor connections 

A major dimension of difference among animals is the sheer 
number of percepts and concepts available to the organism Cer 
tain relations, such as ' middlencss,’ can serve as a stimulus [or 
some species but not for others (Spence, 1939) In general, it ap- 
pears that the animals ishich leam most of their perceptions have 
a much wider range of potential stimuli— that is. percepts and 
concepts which may guide their behavior — than do those animals 
tvith innately organized perceptions To put it another way, we 
may say that intelligence is a function of the number of things 
or events— colors, odors tones, pressures forms and especially 
combinations of these m spatial and temporal arrangements (per 
cepts and concepts)— which are or can be stimuli, and of the num 
ber of discrete kinds of response tliat can be made (Incidentally, 
just where perceptions leave off and concepts begin is impossible 
to say, these terms represent quantitative differences on a con 
linuum to the extremes of which we apply different names ) 
Perception, then comprises one group of integrative mecha 
nisms in which animals differ Another one is the learning of 
habits forming new S R connections or perceptual motor associa 
tions Such learning is often dichotomized m one or another way 
classical vs instrumental conditioning, for instance It may be 
noted in passing that -Jassical, or simple Pavlovian conditioning 
does Afferences axoan^ ihe diverse species 

that have been tested (Razran. 1933) Species differences in the 
S R connecting process are m (a) the direction and duration of the 
time interval which can elapse beuveen the association to be made 
and Its direct or signified homeostatic consequences for the or 
ganism (Hilgard, 1956), (b) in the speed (required number of 
experiences) with which such secondary or remote assoaations 
can be made (Harlow, 1949) W ■" 'h' 
associations that can be concurrently functional (Nissen, 19513) 
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not enter into this definition: it may be either innate or learned. 

Every S-R has a threshold value; that is, a minimum intensity 
of S is necessary to evoke R. Some S-R thresholds are chronically 
low, and then we have a reHex. or tropistic behavior. It the 
threshold is consistently low because of previous experience or 
learning, we speak of a conditioned reflex or habit. Other thresh- 
olds are variably high and low, and then response is uncertain: 
it may or may not occur. Or a given S may be connected with a 
number of R’s; when the thresholds of these several S-R’s are 
approximately equal we get so-called random or trial-and-error 
behavior; the same stimulus situation elicits first one and then 
another response. 

So far we have considered only very simple S-R's which are 
completed almost as soon as they are started. One of the great 
puzzles of behavior stems from longer sequences of acts which 
lead, in one way or another, to a biologically adaptive outcome. 
Construction of a web by the spider; stalking of prey by the 
predator; a rat running a maze, at first making many errors but 
later avoiding all the blind alleys; and the economic behavior of 
civilized man are examples of such prolonged, drawn-out se- 
quences. By themselves, the earlier or preparatory parts of the 
sequence have no utility; in and for themselves they make no 
sense. Only when looked at in toto is the behavior seen to be 
adaptive. The psychological unit is not a muscle contraction, the 
extension or flexion of a limb, a turn to the right or leU, but 
rather the whole sequence of acts. It is thb unit which, as we say. 
manifests purpose. And the unit is just as purposive when it con- 
sists of a series of innately organized elements, such as those w’C 
call instinctive behavior, as when it is the result of repeated ex- 
periences in a maze or other problem situation. 

These larger units of behavior do not occur at any and all times. 
The animal has to be in the right mood, or Stimmung, as the 
ethologists say. Or, as the American experimentalists would put 
It. the animal has to be put on a deprivation schedule; it has to 
be made hungry, or thirsty, or it must first be made fearful by 
having a painful experience in the learning situation. Intervals 
between the occurrences of such units may be fairly short, as in 
food-getting activities or the defecation ritual of the dog; or they 
may be quite long, as in the reproductive activities of seasonally 
breeding animals. We have learned how to change or speed up 
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these intervals— b) injecting hormones, for instance IVhat the 
hormone does, evidently, is to activate a latent pattern of serial 
scimties S-R thresholds are lowered— not all thresholds, but spe 
cifically those related to the mood or need of the moment How 
this differential sensitization occurs is of course very imperfectly 
understood In some cases it must be that certain synapses or brain 
centers are sensitive to chemicals which have no effect or an op- 
posite effect, on other parts of the brain In other cases there may 
be sensory facilitation from peripheral structures on specific cen 
tral mechanisms Stimulation from her tumescent perineal area 
evidently facilitates certain responses of the female chimpanzee 
to Visually mediated stimuli, especially those emanating from a 
male chimpanzee (Birch and Clarh, 1950) 

However that may be, the mechanisms by which larger units of 
behavior are activated seem to be essentially the same, whether 
the sequence is random activity, trial and-error behavior with 
gradual elimination of useless or maladaptive acu or whether it 
IS a precise, uniform, smoothly executed senes which is innately 
determined or is the result of past learning The term dnve has 
usually been applied only in reference to behavior m which learn 
mg is possible or has occurred With the present interpretation ic 
IS equally applicable to instinctive behavior, in either case the 
term refers to a sensitizing agent, effective over a period of time 
which, by differentially lowering thresholds increases the prob 
ability of occurrence of a particular concatenation of acts The 
goal or end result of the dnve is the same for instinctual as for 
habitual behavior, it restores the homeostasis whose imbalance 
activated the sensitizing agent m the first place 

The sensitizing factors or dnves that we see expressed in the 
behavior of most animals are clearly innate, quite independent 
of experience When the juices flow the male seeks out the female 
SjjJ mates whim blood sugar drops the animal s behavior be 
comes organized into food getting activities whether the form 
of these is organized innately or by experience 

Now the behavior of man m particular often takes directions 
and pursues goals which seem to have httle or no relation to 
homeostatic needs or perpetuation of the species The pursuit of 
purely intellectual interests all kinds of artistic endeavor, and 
the stming toward altruistic, ethical, and religious ideals do not 
always and directly promote the material welfare of the individual 
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or species. Two kinds of explanation have been proposed for thn 
discrepancy. One explanation assumes that man has more dm 
than do subhuman animals; in addition to "animal impuba »e 
has “spiritual” or "higher" motives. That is. man has not only bio- 
genic or viscerogenic drives like other animals but also psy^ ^ 
genic drives. The latter are often thought of as being derived 
from, or secondary to. the former. Love and affection, altruism 
and humanitarianism. for instance, are said to stem from the fart 
that during the long period of human helplessness parents an 
other people have helped to satisfy the nutritional and other 
primary drives. In and tlirough this association, it is said, a new. 
autonomous drive — the social drive — comes into being. 

With our present dearth of cxpcrimenial evidence, this po** 
sibility cannot be proved or disproved, but se\’eral consideratioiw 
argue against adopting it as a working hypothesis. First of all, * 
we start multiplying the number of drives by derivation frorn 
primary drives, there is no logical stopping place; we will “Hd 
ourselves with a list of hundreds of drives and the end never xn 
sight. This is exactly what happened with instincts, and is what 
brought that concept into disrepute. To postulate a new instinct 
or a new drive for every new bit of behavior is not to explain 
it, nor to bring order out of chaos. A second argument is that 
sensitizing agents, selectively lowering S-R thresholds as in pn* 
mar)' drives, have not been identified for the so-called secondary 
drives. It seems most improbable, funhcrmorc, that such agents, 
comparable to those provided by the inherited constitution and 
common to all animals, could be acquired in ontogeny. The third 
and final argument is that there is a more economical, and I think 
more plausible, solution. 

This alternative locates the source of superficially or apparently 
nonbiogenic behavior in cognitive rather than in motivational 
characteristics. It sa)'s, in brief, that the complexities and indi- 
rections of man 5 behavior arc a function of his superior iniel* 
lective equipment, svhich allows him to approach and attain his 
homeostatic goals more efficiently, and more deviously, than do 
other animals. Des’iousness and efficiency are especially conspicu- 
ous in the realm of social interaction, where communication by 
language, cooperation, specialization and division of labor provide 
a maximum satisfaction of homeostatic needs with a minimum of 
eSort. According to this victv, man’s drives are not unique; they 
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are all primary and innate, and are the same as those that motivate 
all animal behavior What ts unique m human behavior is the 
much larger number of subgoals, the indirectness of the means 
by ivhich man attains Jus ends Mans intellectual ability to see 
that the long way around may be the most effective approach, 
which we call foresight, distinguishes him from other learning 
animals 

An analogue of foresight is seen in the instinctive web or hive 
constructions of the arthropods, and especially in some of their 
reproductive or race preserving activities Such activities, with 
their temporarily remote consequences, are analogous to the long 
range planning of man, but the cognitive mechanisms are clearly 
different 


7 Behavior and Evolution 

The quantitative differences m perception, learning, and rea 
sonmg, or ratJier tJie differences m their relative importance for 
the animal have significant consequences for evolution Rigidly 
ri\.cd responses to innately determined stimulus patterns may be 
highly adaptive in a stable environment But if the environment 
— physical or social— changes, the releasing patterns may be ab 
sent or the responses to (hem may no longer have biological 
utility For the individual organism at least, this is fatal Thodays 
"unit of evolution ' can then survive and demonstnte its fitness 
only by means of genetic variability Theoretically, such vanabil 
ity can lead in one of two directions First, it can lead to the 
selection of a new set of releascrs and Instinkthandlungen, adap- 
tive under the changed conditions The insects perhaps furnish 
the best illustration of a large number of species, each ivith a 
rigid set of innate behavior determinants, and each set being 
favorable in a different adaptive zone The other main direction 
IS that which— again via genetic processes and selection— leads 
toward a genetic constitution that permits phenotypic flexibility 
In the extreme case, phenotypic flexibility makes the organism 
relatively independent of the environment its intelligence allows 
It to adapt, within limits to gei^phically and temporally vary 
ing conditions 

One of the more striking evolutionary consequences ol imelii 
gent, in contrast to insiinciive behavior, is that it reduces the 
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probability of further spcciation As MayT (1950, p J iC) h • 
• It the single species man occupies successfully all the niches 
ate open for a Homolihe creature, it is obtious that he canno 
speciate ” 


8 The Question of Phylogenetic Trends in 
Behamor 

Simpson (195s. p 159) has said that "the major (if not the only) 
nonrandom orienting factor in the process of evolution is rea 
sonably identified as adaptation’ According to this view, linear 
e\olution IS determined by the nature of the cmironment, uhicli 
gives greater and lesser selective value to one or another direction 
oE deviation Erom the species average or norm Both direction 
and magnitude of possible deviations are, ol course, delimited by 
genetic Eactors genic vanabihty and the occurrence oE mutations 
Within these limits, and in a stable environment or in one diang 
mg slowly but consistently in a given direction there would be 
selection for a linear series oE adaptations Oriented evolution 
would likewise be manifested as a species came to occupy adjacent 
zones or subzones which differed from the original one in a graded 
senes of unidirectional steps Occasional!), quantitative change m 
a consistent direction may have survived also the cataclpm oE an 
mteizonal shiEt (Simpson’s quantum evolution), but here a given 
trend would often be obscured, modified, or reversed by maju^ 
qualitative or discontinuous changes in the pattern of adaptive 
mechanisms 

The Eoregomg considerations apply as well to behavior as to 
purel) structural charaaers, and what we know of the phylogeny 
of behavior substantiates their implications If we limit ourselves 
to sufficiently small sections of evolution, trends in specific be 
havioral traits can be discerned Activity mcreases, a sense organ 
becomes more or less sensiuvc, certain effeaon become stronger 
or deteriorate, learning capaaty increases, and so on But as we 
extend our v^ev^ to broader segments oE the taxonomic range, the 
plottings of discrete behavioral (as oE structural) charactensiics 
show great irregularities, discommuities. and reversals oE direc 
tion There is no indication here of a persisting trend in the evolu 
uon of behavior 

Nevertheless, as lie Sam the total range of animal life, and 
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focus especially on its early and end points, the impression rc 
mains that there has been some consistency in the direction of be 
havioral evolution The primary data, and especially the present 
status of psychological analysis, are inadequate to the task of sans 
factonly substantiating this impression It may nevertheless be 
useful to speculate on how evidence for ma^or trends in behavior 
might be revealed, and the remainder of this section outlines one 
possible procedure for testing the hypothesis 
A well known device for smoothing out the irregularities m a 
complex of individual cunes is to pool the data and to draw a 
single curve representing the averages {Needless to say, this pro- 
cedure must be applied with discretion, since it obscures some 
facts while clarifying others) I have discussed above the substitu 
tiveness of adaptations, a number of quite diverse mechanisms, as 
seen in different animals, have essentially the same effect or bio- 
logical uiiliiy It may be that some orderliness m behavioral 
evolution will appear if, instead of considering each particular 
character (or trait or mechanism) separately, we group together 
those characters which arc behavioral equivalents or alternatives’ 
The decision as to which mechanisms may legitimately be 
combined in one class requires a degree of theoretical analysis 
that at present has only been approximated, the attempt will 
tlierefore involve some arbitrariness and guesswork Technically 
even more difficult is the assignment of units of measurement by 
which average ‘scores may be obtained for the quantitative com 
parison of species in respect to a given class of behavioral traits or 
capacities This difficulty is exemplified m our first proposed 
category of ‘ sensory capacity Since contact with the environ 
ment may be had through any of the sense organs a single index 
representing the several modaliues would pemiil a meaningful 
comparison of speaes having differential capacity in each It is at 
once apparent that obtaming such an average score involves the 
equating of fixed degrees of visual acuity, color vision, auditory 
acuity, and so on — certainly a formidable undertaking However, 
common sense and experience tell us that the several senses are 
roughly interchangeable m bnnging us knowledge about our 
surroundings and in information theory we already have some 
indications of how this fact may be quantified 


* Refcamg IjacJt lo il e first »e«u>n of lh»$ <hapter it 
here proposmg a funchonaJ grouping of expbtutorr 


will be noted that we are 
(C) categoric* 
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The second category ot bchav.oial functions to be grouped on 
J'^asHf basingMilar or equn.Ient „ 

It u assumed that ssh.ch particular mechanism of 
(eg ssvimming cratvling flying) an animal uses in , 

l,rlithdm,si;g-«. for present purpmcs a 

tiple means of locomoting. instead of only one, hot ever, 
add to the score in this category, as tsould speed rclattse 

tances cotered in the animal s vital actisities 

A third grouping suggested is ••manipulation," in which simi 

criteria of scoring would be applied 

Sensory and effector capacities set limits to the possible saneiy 
and complexity of behasior The most important differences m 
the behavior of individuals and species, however, are functiom o 
central integrative mechanisms How these capacities shou e 
grouped and quanufied poses a new set of dilhculues 

It has been pointed out previously that sensory organization, 
motor patterning, and sensorimotor connections may be largely 
innzte or, mstead, depend greatly on experience For present 
purposes rse shall make no distincuons based on the etiology ot 
an organiiation A habit u treated as the equn-alent oE a reflex 
or tropistic response, an acquired perception u equated sMth an 
innate Ausloser, and an Erbkoordination is considered the coun 
terpart of a learned skill If it is true, as svas suggested abo\e, that 
the potential scope of central organizations is greater when these 
are determined mainly by experience rather than b) inherited 
patterns of mtegration, this fact ivill be reflected in the a\eraged 
score of the releiant category 

We do not usually apply the terms "reasoning,” * judgment, 

and sagaaty* to instinrtive behavior, but ive do recognize m the 

latter the phenomena of summation, facilitation, inhibition, and 
prepotency, and these imply similar processes ivith similar effects 
We therefore shall not here attempt to disimguish between (a) a 
"rational ' or deliberate choice and (b) a resolution of central 
interactions determined by innately organized facilitative and 
inhibitory processes 

For the present, three groupings of organizmg functions are 
suggested perception conceptualization, sensorimotor connec 
lions and reasoning In each of these classes the numerical 
score ivould represent the sum of incidences tabulated m an ex 
tensne survey v-hich mcluded both field observ'ation and analyti 
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cal experimentation. Although we shall not soon proceed with 
confidence in quantifying the needed information in this area, it 
IS clear that behavioral science must move in the direction where 
this becomes possible. 

^ The procedures suggested above would yield, for any species, 
six scores— one for each of the six named functional categories 
(sensory capacities, locomotion, manipulation, perception, sensori- 
motor connections, and reasoning.) * A seventh score svould repre- 
sent the average of these six. The final step would be to choose 
points on the geologic time scale and. on the basis of available 
scores, to select the most "advanced” — i.e. the highest scoring- 
species at each of these points. (On t/teoretical grounds it might 
be preferable to determine the average, in each category, of all 
species living at a given time. This possibility is rejected, in part 
because the selection svill have to disregard genera and higher 
taxonomic levels not adequately represented by living animals, 
i.e. those for which no reasonable extrapolation from observed 
behavior can be made, as discussed in the second section of this 
paper.) 

Now the aforementioned impression or hypothesis, that there 
has in fact been some consistency in the direction of behavioral 
evolution, would be substantiated if the seventli (average) curve 
showed a rise from (he earliest to latest time points, rvitli no inter- 
mediate reversals of this trend. Several subsidiary expectations may 
be indicated: 

1. Curves of each of the six functional categories would show an 
over-all rise, with few plateaus and very few if any intermediate 
reversals. 

£. Successive points on a curve svould represent sometimes the 
same and sometimes different phyla or lower taxonomic leveb. 

3. There probably being a positive but imperfect correlation 
between the six groups of behavior functions plotted, most of the 
time points would be represented by less than seven different spe- 
cies on the seven curves. One species (man) would be represented 
on at least four curves at the latest point. 


present response. 
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9 . Summary 

In the first section of this paper various bases for "S 

havior are reviewed. The status and distinctive features of beha 
ior in adaptation are discussed in tlie next two sections. It is tnen 
pointed out that to a certain extent behavior and structural ch 
acteristics may serve as alternatives in adaptation, and that there 
are often two or more distinct behavioral mechanisms for achiev- 
ing essentially the same biological result. Particular stress is p ace 
on innate organization versus organization acquired throug tn 
vidual experience as alternative modes of behavioral adaptation. 

The principal axes on which individuals and species rnay 
compared in respect to behavior are identified as receptor, effector, 
integrative, and motivational mechanisms. The most signihcan 
phylogenetic differences, it is here concluded, are found m me 
dimension of central integration or cognitive capacities. The ar^- 
ment is advanced that differences in motivation, especially m the 
indirection with which goals are approached, derive from quanti- 
tative differences in the several aspects of cognition: perception. 


sensorimotor associations, and reasoning. 

In the final section it is suggested that pliylogenetic compansons 
can be made in terms o£ classes o£ related behavioral functions, as 
^^ell as in terms of discrete mechanisms Based on six such func- 
tional categories, a procedure is suggested for testing the hypothesis 
that there has been some consistency in the direction of behaviora 
evolution. 
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Marston Bates 
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Nissen, in the preceding chapter of this volume, has called foo 
getting a “functional category” of behavior: equivalent thus to 
reproduction, dispersal, defense or protection, and the like. De- 
scriptive categories cut right across these functional categories. 
dal behavior or territoriality, for instance, may facilitate food 
getting, reproduction, or protection (survival), or all three. And a 
particular functional category of behavior, like food getting, may 
involve many kinds of behavioral mechanisms such as stereotyped 
tropisms, conditioning, and various sorts of learning processes. 

Food behavior, like a great many other particular subjects ot 
study, turns out to involve many of the conventional subdivisions 
of the biological sciences. In the sense that the theory of natuml 
selection depends on competition for food, or competition to avoid 
becoming food, food behavior b the very essence of this aspect o 
evolutionary study. The food interrelationships among organisms 
— food “chains” and food “webs” — are a major preoccupation of 
ecology. Biological communities and their various sorts of sub- 
divisions are primarily definable and understandable in terms of 
such food relationships. In studying food behavior, then, we are 
studying the cement that holds the biological community together. 
Ecology and comparative psychology are thus concerned svith the 
same subject matter. 

Physiology and morphology arc also involved. Here we have the 
old problem of structure versus function: probably a false and mb- 
Icading dichotomy but firmly embedded in our thinking. The or- 
gan systems of an animal carcass arc concrete objects that can b® 
handled and described with a vocabulary in which there is a mini* 
mum of doubt about the reference of the different svord symbob 

to6 



FOOD GETTING BEHAVIOR 

to? 

used Classification can be built up and relationibips amlped tv ith 
a reasonable degree of "objectivity- In a sense, though these dead 
structures that tie handle so easily are already abstractions merely 
convenient symbols of the functioning oiganism and its parts 
might be said to fall into the ‘morphological fallacy" uhen \^c 
treat tliese dead structures as things in themselves 
Any attempt to abstract function from structure is probably 
equally fallacious, but the physiological fallacy is rarer than the 
morphological fallacy because function cannot be studied in the 
absence of the functioning structures Tlie reverse. houe\cr. is all 
too easy ^Ve can study the evolution of the gut, for insunce, 
through invertebrate phyla or of mouth paru m the anhropodi, 
with only passing reference to the functional significance of the 
changes we are describing A balanced Mew, a putting together of 
the functional and structural aspects of ctolutionary change, may 
be easier if, for a while, we try to o\crsirc5S tlie functional aspects 
of the process 

It seems to me that biologial studies of function have tended to 
fall into two categories those concerned with the processes within 
the individual organism, and those concerned with the organism 
as a whole, functioning in its environmental context The first, 
"sltti tn‘ biology, ts usually called pliysioJog) The second, 'ibn 
out ’ biology, IS what I would hie to call "natural history* though 
U is perhaps better callctl ' ecolog)* — Hacclcl originally proposed 
the word to cover tlie study of ‘outer phenomena as contrasted 
with the "inner phenomena ’ studied by pUptoiogy m the strict 


sense 

'The borders between physiology and psychology have long been 
blurred Studies of the inner wotlings o! an animal lead readily 
outward to studies of the orientation and coordinated functioning 


of the whole organism*-5iudjej of m * behavior," since vse gen 
erally use this word in a slin-oui sense Yet the analysis of anyr be 
havior system soon shows the sUn of the oTganism to be a purely 
arbitrary line of divmon across an integrated senes of process 
50 that sltn-oui psychology is immediately and intimately Involved 
with slin in pJiysjology with sense organ systems nerve syitcmi 
and all of the rest Thus any description of the system of fooi! 
getting bcliavior might start with the behavior governing theen 
Mronmcniatoncnniion clth<ro^mm whirl. pu« “ 

m the w..h nppropnatc food Tim gcncnl bcha. .or u thm 
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the background tor food getting behavior in the strict 
adaptations for seizing prey, for getting at plants, for filtenng oo 
particles from the medium, for penetrating the host Here tn 
mouth, as a break in the skin system, in a way symbolizes the brea ^ 
down of the skin out, skin in division of behavior Catching, chew- 
ing, swallowing form a sequence that can hardly be broken up to 
be studied by different branches of science 

Events after the food is caught are generally classed as^ ' diges 
tion’ ivhich, with sporadic exceptions, is clearly a ' skin in, physi 
ological process Yet the digestive enzymes, the gut morphology, 
the adaptations with symbiotic micro-organisms, must all be 
to the nature of the food, the nature of the materials to be digeste 
— which means also to the external, food getting behavior of t le 


organism 

The problem of understanding the evolution of food getting 
behavior thus involves relating materials that are at present widely 
scattered among diverse biological sciences There is an immense 
amount of information available, collected fiom the differing 
points of view of these various sciences, but with our present frame 
work of specialization it is difHcuU to put this together into a co 
hcrent account A general review is, in any case, out of the question 
m the present context, the most that can be done here is to indicate 
the possibilities 


Food Behavior and Evolution 

It is interesting to look at food behavior in relation, on the one 
hand, to speciaiion and, on the other, to the origin and diversifica 
lion of the major phyletic groups 

In studying speciation, we arc apt to be more concerned with 
reproductive behavior than with food getting behavior we have 
come to define species ’ in terms of reproductively isolated popu 
lations, and the problem of the origin of species thus becomes, m 
one sense, the problem of the origin of this reproductive isolation 
There is, of course, no general feeling among students that the 
beginnings of population isolation are to be found in diverging 
sexual behavior Subspecific isolation is generally presumed to de 
pend on nonsexual mechanisms, especially on geographical separa 
lion, which allows sexual divergence to develop (Mayr, 1942, i947) 
\Vhile geographical separation is the best known of the incipient 
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tematists. About all that can be done here is to try to outline the 
nature oi the problem. . , 

An early question is the definition of "food.” If the word is 
in the broadest possible sense, to cover all materials taken by an 
organism from the external environment and used in metabo ism 
and growth, then water, oxygen and (in the case of plants) at o 
dioxide, sunlight and other energy sources would have to be in- 
cluded among the food materials. Oxygen intake is ahva^ deal 
with separately, under the heading of "respiration.” Water is more 
difficult. In ordinary English usage "food and drink” are control 
ing terms; yet in terms of physiology or behavior water can har y 
be separated from the other food materials, and ought to be dea t 
with in the study of "food-getting behavior.” The water prob enu 
of organisms have, hotvever, many special aspects and, in diffitm 
environments, involve behavioral and physiological adaptations 
that are rather different from those concerned with food in a stnet 
sense. Thus ivatcr is generally and understandably treated as a 
special topic. 

If we leave aside oxygen, water, and (in the case of plants) carboii 
dioxide and sunlight, we are left with a bcwilderingly comply* 
scries of materials needed and used by organisms as food. 
can be dealt with in terms of component chemical elements, 
is not very meaningful because the materials can rarely be utilize 
in element form and because the list is constantly extended as the 
role of "trace elements” is more fully understood. Or, more usu 
ally, animal requirements are dealt with in terms of proteins, car- 
bohydrates, minerals, and vitamins. But even this is not very help- 
ful for purposes of generalization because of the varying ability o 
animals to break down complex food materials and to synthesize 
the sort of compounds needed. Despite the vast literature on nutri 
tion, a great deal remains to be learned about the exact food re 
quirements of different sorts of organbms. (Bourne and Kidder, 
1953, have recently surveyed the literature on nutrition.) 

It is difficult to draw a line between studies on nutrition au 
studies of food behavior, because classifications of food habits are 
apt to be built on kinds of food utilized. Thus in general classifica 
tions organisms are grouped as "autotrophic” if they can subsist en- 
tirely on inorganic substances (with subgroups of “phototrophic 
and "chemotrophic” organisms, depending on the source of energy 
used for Uie synthesis of organic compounds); and as "hetero- 
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trophic” if they require organic materials as food Some omanisms 
like the green flagellates, can follow either of these basic nutrition 
patterns they then have to be treated as a third major group, the 
mixotrophrc' organisms 

There are numerous classifications of the various sorts of hetero- 
trophic animal numiion These generally imolve such words as 
phytophagous, herbivorous, predaceous, carnivorous, sapropha 
gous, omni\orous, parasitic These words have a general descrip* 
tive -value, but they do not seem to discnminate \ery sharply de- 
fined or meaningful categories from the point of view of evolution 

For instance Brucs (1946), m his very useful survey of the food 
habits of insects, distinguishes as basic categories phytophagous,” 
“carnivorous,'’ "saprophagous,” and “parasitic" insects This is a 
commonly used classification Yet the first ihree terms cover the 
sort of food materials utilized svhile the last (parasitic) describes 
a kind of food behavior The difficulties of reaching a definition of 
‘ parasitism' are notorious — I ha\e sketched some of the problems 
in connection with the classification of mosquito relationships tn 
another place (Bates 1949 pp 186-200) The difficulties and con 
fusions that have collected around the different usages of the word 
* parasite” in a Avay epitomize the whole classification problem in 
relation to food getting behavior 
Ordinarily, when we start out to classify food habits, sse think 
first of the division between ‘ berbnorous ' and ' carnivorous’ am 
Dials This is perhaps because our experience, either as people, or 
as scientists, is apt to be dominated by those two great groups of 
organisms, the insecu and die venebrates Ramsay (1952, p 7) has 
remarked that ‘ if one surveys the mam groups of the animal king 
dom and picb out those which are predominantly and character- 
istically herbivorous— living on the green tissues (not on the fruit 
and seeds) of higher plants— one finds himself left with only three 
These are the gastropod mollusks certain orders of insects and cer- 
tain orders of mammals ” The excepuons that come first to mind— 
among contemporary birds and icpu!cs-are certainly rclamcly 

trivial , 

0 £ COUI3C Ihc higher planu. iihidi bulk so Inrge in terrestrial 
economy, are mtber late erolultonaiy ritwelopments It n neser 
theless striking that so tew animal groups have solved the prob- 
lem o( effictently ut.hr.ng them as food The he^.votom msects 
end mammals have cerntmly been •suteessful both tn terms of 
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numbers oE individuals and o£ numbers oE specie. Yet the peat 
bulk o£ plant material never goe through the animal part o 
energy-Eood cycle so neatly diagrammed in the textbooks. 
Ramsay remarks, "iE one accepts the classicai conceptions oE Strug- 
gle for existence and competition for food substances, one 
but wonder at the immense resources of food materials w ic 
animals apparently allow to slip through their fingers. 

A category like "herbivorous,” defined as having the a i tty 
to utilize the green parts of higher plants as food, may thus have 
considerable meaning from the point of view of evolutiona^ 
study. In this case, the controlling factor in the food habit is t e 
problem of dealing with cellulose — of breaking down the cellulose 
cell walls of the plant mechanically or chemically. This may in 
volve all sorts of structural, physiological, and behavioral adapta 
tions — including the fascinating business of symbiotic relation- 
ships with micro-organisms. 

It is more difficult to give "carnivorous” a useful meaning since 
animals live off other animals in a great diversity of different wa>^ 
which do not turn on any common problem, comparable with 
cellulose digestion. “Predatory” would have more meaning 
a category because it implies a common problem of catching active 
food — a problem that has been met with diverse sorts of adapta- 
tions in different animal groups. But with "predatory”— and with 
"herbivorous” in the restricted sense — we arc perhaps still deal- 
ing with a classification of feeding mechanisms rather than of food 
materials. 

It may well be impossible to build up any sensible or logical 
classification of the different sorts of food materials used through 
the animal kingdom. Possible categories are perhaps best dealt 
ivith purely as descriptive terms— carrion feeding, fruit eating* 
seed eating, insect eating, and the like. \Vithin any particular 
group of organisms we can sometimes trace evolutionary s®* 
quences in such food habits, and there may well be a certain 
parallel orderliness in these sequences in unrelated groups of 
animals. But it would be an immense — though surely rewarding-^ 
task to try to work out generalizations expressing this orderliness. 

The concept of "food niche” (Elton, 1927, p. 64) should he 
mention^ here. This is "the feeding role of an organism in a 
community” (Alice ct al., 1949. p. 516). The niche concept is 
perhaps chiefly useful in trying to analyze the svorkings of a biotic 
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community The use of the concept, hoirever, reveals the remarka 
bly similar roles sometimes played by quite different animals m 
a given community, and the parallelism in roles among quite 
diverse communities Elton points this up with a senes of exam 
pies the niche of carnivorous snakes that feed on other snakes, 
the niche of animals that pick ticks off other animals, the niche 
of birds that follow herds of mammals to catch insects disturbed 
by their feet, and so on 

The niche concept need not, of course, be interpreted so nar 
rowly Our terrestrial herbivores and predatory carnivores could 
be considered as categories m a food materials series or food 
getting mechanism senes or as occupying particular niches Plank 
ton organisms could be considered as forming a niche (Elion 
calls these ' key industry organisms ’). and plankton feeders would 
be another niche, occupied by many diverse kinds of animals 
with a variety of plankton gathering mechanisms 

Another kind of classilicauon of food habits svould be accord 
mg CO the degree of specialization A great many animals are able 
to utilize a wide variety of food matenals, others are highly re> 
smeced, highly specific in their diet Whether specific food habits 
or general food habits are more common among animals has been 
a matter of some controversy (for references sec ibid, p 517) The 
matter is of interest in connection with the evolution ot food 
behavior because ii involves the question of the plasticity of such 
behavior 

Certainly such organisms as plant feeding insects and animal 
parasites arc often highly hostspccific, and examples of Jiighly re 
stneted food habits can be found m almost all animal groups 
Among insects the terms monophagous, oligophagous, and poly 
phagous are often used to describe this aspect of feeding behavior 
(Brues, 1546. p 1 12) In a somewhat different vocabulary, animals 
witli highly specialized food habits may be called stenophagous. 
in contrast with curyphagous, or general, feeders The evolu 
tionary significance of restricted versus general food habits has 
been discussed by Dethier (tm) A restricted diet seems to repre- 
sent a specialization, and thus perhaps a deadend from the evo- 
lutionary point of view, though it has immediate advanuges for 
a species in terms of reduction of competition Sometimes be 
havioral food specialization also involves great structural special! 
zation (antcaters come to mind), but sometimes also animals with 
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out apparent structural specializations may have highly restricted 

food habits (as some of the grasshoppers). ,v„,i,hine 

Hediger (1950) has stressed the importance of distm^ismng 
between continuous and intermittent feeding habits. is is 1 
part, of course, correlated with the type of food: plankton feeders 
and herbivores' tending to have different food intake timing rom, 
say, predators. The whole topic of food behavior timing has mai^ 
interesting aspects, as does the related topic of food storage 
internal or external. 

C. M. Yonge (1928) has proposed a classification o£ 


among the invertebrates based not on the nature 


materials but on the mechanism of feeding. His classification is 


I. Mechanisms for dealing with small particles. 

a. Pseudopodial * 

b. Ciliary 

c. Tentacular 

d. Mucoid 

e. Muscular 
£. Setous 

11 . Mechanisms for dealing with large particles or masses. 

A. For swallowing inactive food, e.g. bottom deposits, etc. 

B. For scraping and boring. 

C. For seizing prey. 

i. For seizing and swallowing only. 

ii. For seizing and masticating. 

iii. For seizing followed by external digestion. 

III. Mechanisms for taking in fluid or soft tissues. 

i. For piercing and sucking. 

ii. For sucking only. 

iii. For absorption through surface of body. 

This is a useful and logical classification of feeding mechanisms 
when dealing with the whole sweep of the animal kingdom, but 
it is not very helpful when we look at any particular group, li^® 
the insects or the vertebrates. It indicates, however, the lines along 
which a consistent classificatory scheme of food behavior will 
probably have to be built, if it is to have wide applicability. 

For further discussion, it may be useful to glance briefly at food 
behavior In two quite different groups of organisms — the insects 
and the vertebrates. 
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Insect Food Behavior 

Any discussion o£ insect behavior gets us at once involved ivith 
the problem posed by such words as ' instinctive and "innate " 
The discussion given by Lehrman (1953), underlining the dangers 
of a word like * innate." w very pcnuasive Clearly, the actual 
behavior of any oigamsm is the result of potentialities as they 
have developed in a particular context But this is equally true 
of the morphology of any organism TVith potentialities and con 
text constant, the resulting behavior (or structure) is constant 
But there are great differences among organisms in the ways m 
which the developmental context— the internal or external cn 
vironment — can influence the unfolding sequences of behavioral 
pattern, and we need to have some kind of vocabulary that will 
reflect these differences The sort of vocabulary used by Maier 
and Schnetrla (1935) allows recognition of this 
The dangers, hoivever, of words like ‘ instinctive ’ and ' innate 
are perhaps no greater than the dangen of the more general word 
hereditary’ When we say that any trait, behavioral or morpho- 
logical IS hereditary, we are using a shorthand, since obviously 
It IS only the potentiality for the development of the trait that is 
mhemed We are perhaps going too far when we throw out such 
words because they have been or can be misused I do not think 
we ought to be afraid of the word instinctive — though if we 
have not the courage to use it we can take cover behind a more 
neutral term like ‘stereotyped when trying to characterize m 
sect behavior 

The vocabulary problem is a tough one The complicated 
terminology developed by Fraenkel and Gunn (1940) pnmanfy 
for insect orientation reactions seemed to me at one ume simply 
obfuscation Yet we need a finer discnminauon than is possible 
with a wastebasket word like ‘ tropism," and no befiavioraf 
vocabulary is anything like as complicated as the socabulary used 
by arthropod morphologists, a vocabulary that seems to serve 
them well Perhaps ue should have no hesitancy m coming techni 
cal terms for behavioral elements on the theory that the tenns 
can be discarded when they base served their purpose or if they 
pTO\e to discriminate elements that do not warrant discrimma 

At any rate, insect behavior, whether called instinctive or 
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stereotyped, .s suffic.ently d.Ifercnt ^e 

maV-e the isolation o£ homologies scry difficult . 

worhed out phylogenies for behavior within the verte 
withm the insects perhaps we can start piecing together a gra 
pattern But that is hardly possible now 


Macroevolutios in Insects 

The definitions oE the various orders oE insects turn \ery largely 
on the presence or absence oE wings and type oE sving structur , 
on the kind oE metamorphosis and on feeding mechanisms 
the twenty three orders oE insects recognized by Imms 
his sundard text, in six the mouth parts are modified so that i ey 
serve primarily for piercing or sucking ratlier than biting 
the structures modified to form sucking tubes are quite 
m the different orders this basic change in insect food-getting 


havior seems to have occurred independently several times 
The structural changes in insect mouth parts among the vanoiw 
orden are clearly related to changes in food getting behavior 
The whole complicated business of insect metamorphosis, ho" 
ever, is also related to food-getting behavior Carpenter 
in his discussion of insect evolution has pointed out that t 
immature forms being very different from the adults could ^ 
cupy different environments and feed on different types of foou- 
The tissues of other organisms both plant and animal, were thus 
invaded by larval forms as internal parasites the adult insects 
remaining free living and capable of flight- The evolution o 
insect metamorphosis can thus be looked at in terms of the oc 
cupation of different adaptive zones in Simpsons words 
the zones definable pnmanly m terms of food and food behavior 
Even the third of the major characters used in insect ordin^ 
classification — wings — could be related to food in this indit^ 


sense of contributing to adaptive radiation 

1 think, then that a good case could be made for regarding fo^ 
behavior as the basic component in the evolution of insect 
Insect families can also frequently be defined in terms of f 
behavior, but perhaps even more frequently similar food habits 
vvill be shared by several bmilies or a single family include a 
considerable diversity of food habits The mosquitoes (CuUar^^/ 
are an example of a subfamily primarily definable in terms o 
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the bloodsucking food habits of the adult female (iwih the parti 
cle filtering larvae occupying a very different but similarly ivell 
defined food niche) There are mosquitoes with exceptional food 
habits but these are easily recognized as secondary modifications 
Food habits seem important m tlie definition of major groups 
tn the cJassificatory hierarchy both m insects and in vertebrates 
If one reviews the classification of a primarily marine phylum 
like the Coelenterata this aspect of the classification seems much 
less striking I am led to wonder whether this reflects some basic 
difference in the evolutionary pattern of marine and tcrrestnal 
forms — or whether it merely reflects my limited knowledge of 
marine zoology 


Insect Food Behavior at the Species Level 

A great many insects are highly host specific and in such cases 
each species of insect may be associated with a different species 
of host Frequently different races varieties or strains of 
a species are associated with different hosts and the question arises 
as to whether shifts m food habits may be one of the primary 
isolating mechanisms in species evolution The matenal bearing 
on this question has been discussed by Thorpe (1950) Mayr (19 je 
and 19^7) Brues (ip^O) and most recently and thoroughly by 
Dethicr (1954) 

The impression left after reading these reviews is that the 
subject warrants a great deal more investigation One problem 
turns around the question as to whether a shift in food habits 
can ever be the primary cause of a division within a population 
leading eventually to the development of two completely inde 
pendent (specific) populations Mayr (1917) argued per 
suasively against the possibility of such sympainc speciation 
Perhaps some sort of microgeographical or ecological spatial 
separation is necessary for speciation but the interesting question 
remains as to whether a food behavior change is ever the first step 
leading toward such separation 

Discussion of this tends immediately to involve li>poihcuca! 
because we simply do not know enough about the genetic 
conirol of insect food behavior for concrete discussion From 
Dediiers sutnmarj. of the hteratarc on plant feedins insects 
It IS clear that host selection gcnetally toms on a response to 
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some sort oE a token cue, perhaps usually olEactory; m many czses 
the precise chemical or chemical series can be identified. In som 
cases it is clear that this cue response turns at least in part^ on 
what has been called "larval memory” or “olfactory condmon- 
ing.” In other cases the response seems to be genetically xe . 

In experimental attempts to alter host relationships, it often e 
comes difficult to distinguish the effects of genetic change om 
those of seleaion or habituation. 

Various evolutionary trends in host relationships have occuire 
as Dethier and Brues have shotvn in their papers on the subject 
Highly restricted food habits (monophagy) may be derived from 
general food habits (polyphagy) and vice versa, though usua y. 
as one would expect, polyphagy seems to be the generalized con i 
tion and monophagy the derived. 

Brues (1936) has reviewed the wide variety of evolutionary 
trends that can be demonstrated among insects in food behavior, 
phytophagy evolving from predation and vice versa; saprophagy 
from predation or phytophagy, and saprophagy in turn some* 
times leading again to predation or plant feeding; and so 
through a bevdldering variety of combinations. Even parasitism 
does not seem to be the dead end among insects that it is in the 
evolution of some other groups of animals. However, insect 
"parasitism,” as Wheeler long ago pointed out, is a very special 
phenomenon that perhaps ought to be called by a special name, 
he proposed "parasitoidism.” 

The evolution of the food behavior patterns of the parasitoid 
and predatory wasps has been the subject of much discussion. 
Evans (1953) has summarized this literature insofar as it appl*^ 
to the spider wasps and he has developed a system of behavior 
3031 )*$^ that facilitates comparison among species and that help* 
in the working out of possible phylogenies. In the parasitoid 
ichneumons, which may represent the ancestral behavior type, the 
adult behavior in providing for the larva consbts of hunting out 
the prey and laying an egg on it. This, insofar as it has been 
anal^cd, turns on an apparently rather simple cue response. A 
festf ichneumons sting their prey into temporary paralysis before 
ovi^iiing, so that the sequence becomes hunting-stinging-ori- 
posjiing. Additional elements may be added to reach the com- 
plexity of the majority oE the Pompilid spider w-asps, in which the 
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sequence is huntmg-paralysis-transportation-excavation of cell- 
oviposiuon-^Iosing 

Evans uses a symbol system first proposed by Iwata for char 
aclenting these different behavior patterns C for claudere, to 
close the cell. I for instruere, to prepare the nest cell, O for ovum 
parere, to lay the egg, P for pungere, to sting the prey, V for 
venoTi, to hunt With this system he is able to make generaliza 
tions like ‘The Pompilidac embrace the cthological types 
VPTOC (primitive), VPTJOC (basic) and IVPTOC and I VPTOC 
(specialized), thus being traceable back to primitive Hymenop- 
lera by way of types VPTO. VPO and VO ” This sort of short 
hand seems very convenient both for description and analysis, 
and might well have a wide application m behavioral studies It at 
least permits the isolation of unit traits, though it of course is no 
help m explaining the development of behavioral mechanics of 
the unit traits themselves 

This, of course, gets us back to the basic problems of the nature 
of insect behavior, which can hardly be discussed within the scope 
of this paper The best short introduction to the enormous htera 
ture 15 perhaps that written by Schneirla (1953) 


Vertebrate Food Behavior 

The vertebrates show almost as great a diversity in food ma 
tenals utilized and ways at getting at them as do the insects 
Parasitism — in the sense of complete dependence on an organism 
of another species, with correlated atrophy or impairment of 
locomotor and sensory functions — is absent from the vertebrates, 
and this is curious chiefly because it has appeared so frequently 
as one of the food getting behavior patterns m other animal phyla 
There are, of course, the often<ited males of the deep sea fish 
Photocorynus, which live attached to the females Lampreys might 
be considered parasites in the sense (hat mosquitoes are parasites 
There is the curious South American catfish the candiru, which 
squeezes its i\ay into the bodily orifices of other vertebrates, and 
IS sometimes called ' the only vertebrate parasite And cucloos 
have developed a way of exptoitmg their fellow birds that is 
generally called parasitism But sucli cases serve onl) to illustrate 
the difficulties inherent in the word parasiusm ’ 
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In general, vertebrates are committed to active. 
behavior, and this is perhaps correlated with their genera y arg 
body size which requires considerable food for maintenance 
IS also correlated with the structure of the vertebrate nerve sys e 
vMth Its centralized brain— a system that allows for plasticity or 
modifiability of behavior and for an increasing dominance o 
various kinds of learning or habituation processes in behavior 
Evans (1940) studied the relation of brain development m 
to hunting and feeding behavior and found (as would be ^ 
pected) considerable anatomical variation that could be 
to the different developments of sense perception required J 
differing food habits The predacious habit, so common among 
fish, requires acute perception and prompt, efficient motor co- 
ordination, which finds reflection in the corresponding brain 
centers Such studies, however, still leave us caught in the chicken 
and egg trap of the relationship betv\een development of be 
havior and development of neural structures This is a problem 
of outstanding interest because of the special case of the relation 
ship between the evolution of the human brain and the evolution 
of human behavior 

The literature on food getting behavior in various vertebrate 
groups IS enormous, but u has not been covered by any genera 
summary or analysis The numerous books that have been v'.Tit 
ten on the natural history of particular groups are also apt to be 
disappointing when examined from the point of view of behavioral 
evolution, though most such books have chapters on food habits 
Thus the food habits of birds have been summarized by Maj’an 
(1950) and of mammals by Bourli^re (1954) Hediger (195°) 
man^ thought provoking coramen is to make for his observations 
of captiv e V cncbraies 

In the literature on evolution, discussion of the topic of ‘adap* 
live radiation’ is generally really discussion of the evolution of 
food-gcuing bcliavior, though sometimes not labeled as such 
An) attempt at summarizing this literature is out of the question 
here Many of the well known studies of Tinbergen, Lack. Lorenz, 
and mhers arc explicitly dealing wuh problems of food-getting 
behavior Tlie evolution of insular isolates like Darwins finches 
and the Haw-auan hone)crccpcrs is particularly apt for illustra 
tion of the role of food habits and food relations in adapii'® 
radiaiion As an example, die situation witli regard to the Hawai 
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lan honeycreepers has been discussed m some detail by Baldwin 
(^953) 

Much of this work is necessarily purely descriptive yet the 
processes involved in behavioral evolution can hardly be under 
stood ivithout experimental analysis — the sort of work in which 
Lorenz and Tinbergen have recently taken the lead In this con 
nection one is impressed in reviewing the literature by the 
relative neglect of the study of behavioral changes m introduced 
animals The deliberate and accidental introductions of animals 
into new environments provide a senes of unplanned but gigantic 
and interesting ecological expieninents which would seem to offer 
possibilities for all sorts of studies There are tintalrzrng glimpses 
of behavioral changes in such animals as in the apparent cJnnges 
m the food relations of the mongoose m various places (e g m the 
Virgin Islands as described by Seaman 1952) Birds once thought 
to have been exterminated by the mongoose have started to build 
up numbers which would seem to mean a habit change either 
m the mongoose or m the birds Tliere is evidence that the 
mongoose is no longer effective as a rat predator because of changes 
in the behaMor of the rats leading them to nest high off the 
ground in the cane fields But even where such behavioral changes 
are desenbed one is left wondering about their possible genetic 
basis and possible meaning m relation to the various forces that 
we presume to govern evolutionary processes 

With the vertebrates and particularly with the mammals wc 
have a great deal of information about the mechanics of behavior 
(though detailed studies arc curiously restricted to a very few 
species like the Nonvay rat and the rhesus monkey) we have an 
enormous accumulation of natural history observations on habits 
in the field we know a great deal about the relation between 
anstoiDscal structures and habits and we have a fossil record of 
many aspects of the changes in anatomical structure The informa 
tion on any particular point often seems quite inadequate when 
we try to interpret it but the total amount of information still 
IS impressive Out of all this we ought to be able to build a 
reasonable synthesis of the evolution of some particular behavioral 
system like food getting The job of putting these bits of informa 
tion together scattered as they are among widely separated fields 
of knowledge would be great but surely wulitn the range of pos 
sibility 
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In summary, then, it seems to me that in the vertebrates, in the 
insects, and perhaps in various other animal 
reached a point where attempts at synthesis in terms ^eha^ 
systems like food getting are both possible and desirable. I dou 
the advisability at this time of much generalizing across pn>i . 
and I am sure that any synthesis, rather than giving definite an 
siv’ers to the major questions about evolutionary process^, 
serve chiefly to provide background for more discriminating ti 
ture studies But in that unending chain of observations, expen 
ments, and conceptual schemes tvhich we call science, it see^ 
to me that we have reached the point, in the study of the evo u 
tion of behavior, where the greatest need is for the development 
of conceptual schemes. It is a tantalizing situation. We have a 
multitude of facts, but they are presently confusing, contradic- 
tory, chaotic. Where is the brain to put them in order? 
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Tevritoricdityt A Rcviczt) of Concepts and 
Prollems 

C. R. Carpenier 

THE PENNIYLVANIA STATE UHlVtESITY 


Among the adaptive inieractiom between animals and their ^ 
vironments which need consideration in a s^-sicmatic study of 
havior and evolution are the complex phenomena symbolized ) 
the term “territoriality.” The available information on the su 
jeci is limited, unsystematic, and qualitative. Studies and observa- 
tions of territoriality are largely in the pre-cxpcrimental stage* 
The formulation and testing of hypotheses is merely beginning 
and many unsolved problems diallenge investigation. Principl^ 
•which can be accepted with confidence and applied to the difncul 
problems of evolution are not yet available. Nevertheless let us 
consider some of the available and pertinent data, obsers'ations, 
speculations, inferences, concepts, and elementary theories about 
lerritoriality in the context of this symposium. We shall draw on 
information about vertebrates ranging from the fishes through the 
nonhuman primates. The invertebrates will not be covered, nor 
will the complex phenomena of territoriality in human behavior. 


Historical Concepts, iGaa^-igzo 

The richest source of historical concepts about territoriality 
is the ^vritings of those interested in birds and their behavior. 
Nice (1941) has brought these concepts together in her excellent 
article on The Role of Territory in Bird Life.” It may be useful 
to present them briefly here, from the early statement of 
lugby in 1622 (Nice, 1933) through the historic formulations of 
Howard (1920). 

**4 
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WiUugby (1678) believed that the male nigJitjngale at his 
first coming occupied or sewed a place which Willugby termed 
a Friehold Into this area the nightingale would not admit 
others except its mate Goldsmith (1774) first used the term 
territory in the following quaint statement quoted by Bates 
(1950) fact IS all these small birds mark out a territory to 
themselves which they will permit none of their own species to 
remain in they guard their dominions with the most ivatchful 
resentment and we seldom find two male tenants m the same 
hedge togther Naumann (1820) sharpened and somewhat ex 
tended earlier concepts He observed that male birds usually 
arrive first rn the spring seek a breeding place and suffer 
no other pair to nest within a certain distance 
Altum {1868^ developed a systematic description of temional 
ily for birds His definition has modem connotations territory is 
an area occupied by one male of a species which it defends against 
intnision of other males of the same species and m winch it makes 
Itself conspicuous The phrase in which it makes itself con 
spieuous IS an aniagen concept for later observations of the func 
tions of singing display and aggression Ahum also introduced 
the idea that birds settle at fixed distances from each other to en 
sure food for themselves and their young this ascription of pur 
posive intent to territorial behavior 1$ not absent from more mod 
em descriptions 

Altum debated what enables breeding birds to keep their dis 
tance He observed that large numbers crosvd together m pre 
ferred areas while less suitable areas with less food remain un 
occupied The force which keeps them apart he says is used 
by a male as soon as another gets too close during the breeding 
season the interloper is driven to a distance that is de 

termined by the site of the required territory Ahum s expJana 
tion IS that the birds perceive each other through their songs and 
when during the breeding season male birds get too close to- 
gether tliey begin fighting and thus arc driven apart Song and 
fighting operate logetlier but bird songs are the mam means of 
maintaining necessary separations and cnstiTing adequate food 


and territory 

Moffat linos) suggested that Sghttng serves to parcel out ter 
ritorics thus limiting the number of pam m an area “ = 
constant figure These adjustments he held prevent tndefin.te 
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increase in the population of a species and "condemn" g>««- 
ful individuaU to unrepioductiveness rather than death, 
gued that for any given area the number of breeding pairs 
number oi young reared ^^•ould be ‘‘exactly tlie same wr a s 
regardless oi winter mortality. Selection of a territory he beli^ 
related to suitability of nesting sites as well as availability of 
Brewster (1906) gave a full statement of the concepts of 
toriality, including the ideas of exclusive possession against ir 
of the same species and sex. tolerance for other species wi 
territory, and the rariations in sizes of territories required by 
different species of birds. He also observed that territorial pos* 
session by one bird is ‘‘respected*’ by others, and trespassers 
easily when threatened. The cause of this behavior he thoug l 
was "sexual jealousy" since it occurs during the breeding season* 
Herrick (1912) emphasized and extended previous concepts on 
the basis of his study of the herring gull. Observing that the guU 
community is composed of “family units," he emphasized the so- 
cial organization factors in the concept of territoriality. The ' pre* 
serve" is "chosen" and "guarded" with vigor. The territories are 
differentiated into areas around the nest, perch, and feeding area. 
The "fighting disposition” on which "quarreling" depends "docs 
not lapse" until the young gulls take to the water. 

Howard (1907-14, 1920) in his fundamental work on the Bnt- 
ish warblers and hb popular book. Territory in Bird Life, 
lished the concept of territory among those interested in the broad 
fields of animal behavior. He describes territory in behavioral 
terms. The male "isolates himself, makes himself conspicuous, 
becomes intolerant of other males (of his species) and confines his 
movements to a definite area." Howard suggests that cycles of be- 
havior center around territory. Territoriality ser\'es the function 
of ensuring a food supply. It ensures mating by providing a focus 
for activity prior to nest building. It serves to limit the number 
of pairs of birds which can be accommodated in a limited area, 
and through fighting ensures that the strong and not the weak 
s^ll reproduce. Howard outlined the temporal sequences of ter- 
ritorial behavior especially in relation to reproduction. It is i®* 
pomnt to note, finally, that he attributed territorial behavior to 
an instinctive or congenital basis. 

Later concepts of territoriality will be seen to be refinements 
and «p:tensions of the generic concepts expressed by the above- 
mentioned men. 
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Studies of TERRiroRiAErry 

Howard (igsg) further emphasized and ga^e a penpective on 
icrrnory m bird behavior in his Introduction to the Study of Bird 
Behavior Mcisc {1930) rcMCwed 41 articles on the subject Prob- 
ably Heape (1931) was the first to uLc a broad view of the prob- 
lems he extended concepts previously and primarily related to 
birds and set the stage for viewing temtonahty as part of a 
broader pattern of movements and adjustments of animals in 
space Nice published her first brief study of temtonalism among 
birds in 1933 The next important milestone was Mayrs (1935) 
translation of Altums work under the title Bernard Allum and 
the Territory Theory In 1936 Meise reviewed 66 titles bearing 
on the subject of temtonahty Nices comprehensive review of 
'The Role of Temiory in Bird Life followed m 1941 Picking 
up the theme where Heape left off Burt examined Territorial 
ity and Home Range Concepu as Applied to Mammals (1943) 
and again in igjg he published a short paper on territoriality 
Hedigers superior Wild Animats in Captivity published 
in an English edition in 1950 from an earlier one in German 
considerably advanced the understanding of temtonal behavior 
of venebrates Hedcgcr meticulously and systematically depicts 
the forms and processes involved in the adjustments of vertebrates 
especially mammals within their objective and subjecbve Lebens 
raum In The Nature of Natural History (1950) Bates presents 
important concepts of temtonal adjustments of animals 
Almost for llic first time for psychologists Colhas (1951) intro 
duced a very brief review of temtonalism into his chapter in 
Stones Comparative Psychology Apart from this the subject 
like many other natural history phenomena has been seriously 
neglected by comparative psychologists and investigators of am 
ma/ behavior Tsnbcrgen m Itts Study 0/ Inji/ncJ touches 

at many points on principles and processes related to temtory 
A monographic report of an international colloquium held in 
Pans in 1950 on the subject of the Structure and Physiology of 
Animal Societies written in Trench German and English and 
edited by Pierre P Grass^ was published m 1952 Temtonahty 
IS dealt with here by Bourliere in a chapter on Le temtoriahsme 
dans 1 or^nisation sociale des Vertibrh while Carpenter and 
Darling also discuss its role Mayaud (1Q50) published a chapter 
on Terntoire in Grasses Traitefrfezoofogie Al/ee (1954) 
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ing on "Animal Sociology" in the Encyclopaedia 
considerable emphasis to lemtoriality He gave 
to the functional or adapuse values of territorial 


Bntanmca, ga'C 
spcaal attention 
behavior and so- 


cial interactions / 

The English edition of Bourlifcrc's excellent O 

Mammals appeared in 1954, descriptions of 
a prominent and well balanced place in this In his readable 
on Cells and Societies {1955) Bonner gave descriptions of tern 
tonal behavior as he sketch^ the characteristics of the soacu 
of howler monkeys, fur seals, the red deer, and the beaser 
Carpenter (1958), in the Handbuch dcT Zoologie, weighs c 
evidence for and against temtoriality m primates 

These discussions reflea growing recognition of and interest 
m understanding the nature and significance of tcmtonality m 
animals They also show a trend toward extending and apply^^S 
concepts which emerged in the study of bird behavior to a s'anety 
of mammab, ranging from fish through rodents to the anthropom 
apes The study of tcmtonality has become, or is becoming * 
regular pan of systematic field studies of living organisms And its 
speaal problems arc being submitted to controlled expenmcni- 


Defimtioss of Territoriality 

Among the many definitions of tcmtonality are those of Heaps 
(1931), Noble (1939), Alice (1954). Burt (1943). Hediger (i95°)* 
Bates (1950) Carpenter (1952), Kalcla (1954), MayT (i035)* 
ford (1939). Tinbergen (133G) and Nice (1941) * These definitions 
are based m great part on bird behavior, and even for this group 
perhaps do not reflea the complete range of variability of most 
speaes The concepts are especially deficient in desenpuons of 
the main charaaenstics and variations of the temtona! behavior 
of venebrates oiher than birds 

It IS clear that those who have studied tcmtonality have 
tempted to conceptualize the behavior mainly in two w'ays as a 
spatial or geographic phenomenon and as a behavioral plienome 
non It would seem advantageous 10 view temtoriality primarily 
as a bcliavioral system which 1$ expressed in a spatial tempotal 
frame of reference The organumic medianisms, the dnves and 

I txij-noCT of ipace ha»o prrvcnicd qiioims these definitions. Ciuuons V* 
given la ih- author's logical sequence (Cdiiora' note ) 
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incentives or motives and the sensory response and leaniin<^ 
processes are a!I difTerent aspects of the behavioral systems of ter° 
ritoriality TJicse are expressed with reference to loet m space 
and to tlic topography of habitat areas as uell as to other or 
ganisms living m the areas Delias lorai systems change over periods 
of time Those nhich constitute tcmionahty in animals are so 
complex, and involve so many adaptive and even nonadjustive 
mechanisms that they defy adetjuite description by condensed 
definitions Fully systematic and analytical descriptions are re 
quired 

Territorial behavior apparently has great variations These are 
related to differences in species and their habits to seasons and 
climates to population pressures to social organiration to 
fluciuaiions of food supplies to predation and many other fac 
tors Hence brief descriptions of territoriality for vertebntes can 
not represent accurately the common denominators of the be 
havior or the kinds and degrees of most variations 

It IS clear that those processes winch are called remtonal be 
havior arc actually higher order, complex beliavioral systems 
which arc based on a plunlity of subsystems For example ter 
Titorial behavior relates to the beginning or terminal phases of 
migratory responses for those animals which migrate Also in 
voivcd IS the complex behavior of possession and guarding areas 
of space There arc many elements of selective and discriminatory 
responses Complexes of reproductive behavior relate centrally 
to (emionahiy Attack encroachment and defense constitute im 
portant aspects of lemionality and so do challenge vocalization 
song and other display or signaling activities These latter in 
cidcnially are bivalent they function m birds to repel the males 
while at the same time they serve to attract females The vast 
range of activity concerned with foods and feeding — the search 
for food securing hoarding and protecting it — are also parts of 
temtonal behavior Security-ensuring behavioral adjustments are 
also involved with respect to covers lairs dens nests burrow 
or even places providing merely space and distance In this con 
neetjon the dispositional characteristics of wildness refiecied in 
Hediger s concept of flight distance and the somewhat similar 
concept of Carpenter (1958) Fabricius (1954) and others of 
tolerance distance alsoare included in tcmionahty Temtonal 
ity « a social phenomenon involving flocks pairs groups and 
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herds Thus it would seem that the perceptual cognitive p 
or behavioral systems oi animals, if and when they are c a 
will more accurately represent lemtonal behavior than J 
geographic or physical space maps As stated earlier, th«e 
lead to the conclusion that territoriality is of the nature of hig 
order, complex and dependent behavior systems which are 0 
ganized upon numerous subsystems and behavioral determman 


Characteristics of Territoriality in Various 
Types of Organisms 

Let us characterize territoriality for different species here as a 
means of showing its prevalence and variability m vertebrates 
We shall examine it in fish, reptiles, birds, rodents, seals, dee 
and primates This will lead to a discussion of its inferred 
tions and adaptive (survival) values 


Ftsh 


Wunder (1930) experimented with fish in an aquarium of h^ 
ited space and presumably suboptimal area He found that the 
male stickleback would reproduce in its own territory but a 0 
would suppress (inhibit) reproduction in other males within close 
visual distance When the aquanum was partitioned so that th^ 
could not sec each other, several males within the same hnut 
space would reproduce These findings were confirmed by ter 
Pelkwijk and Tinbergen (1937) 

Bredcr (1934) in an experimental study of cichlid fi^h cod 
eluded that the territorial behavior of fish closely resembles that 
of birds Territories are established, nests are built and guarded 
and mating occurs within the territory 

Most of the study of fish has been done in aquana, and except 
for investigation of migration routes and cycles studies of tern 
tonality m natural habiuts have been few However, Mayr (i94^' 
repom a study by Rodeheffer (1941) carried out at Douglas Lake 
Michigan Pish were caught and marked released, and recaptured 
Rodeheffer found that of all the fish marked at several locauons 


none was recaptured in a pan of the lake distant from the place 
m onginal catching and releasing Mayr also reports that 
ester, and McHugh (1941) have shoivn localization perhaps 
tcmtonahiy, m marine fish 



territoriality 


* 3 « 

NobJe (1938) in his review of sexual selection among fish re 
ports that m different spcaes every male, or spawning couple, 
occupies a small territory within which no other sexually active 
fish of the same species are tolerated Thus the number of spawn 
ing couples is limited for a given area The size of territories in 
directly determines the amount of spawn which is laid on an area 
Greenberg (1947) studied the relation of territory to social or 
ganization m sunfish Like oiliers he found close interaction be 
tween terntotiaUty and the dominance order of social hierarchies 
Temtonahty rvas prominently displayed even m young sunfish 
as a basic behavioral substratum to social organization 

Baerends and Baerends-van Roon {1950), like many of the 
European ethologists, accept temionality as a fundamental modal 
ity of behavior in fishes They report that larger fish occupy larger 
territories and have greater tolerance distance 
Fabricius (1951) m experiments on factors influencing the size 
of territory in Chinese fish of the family Cyprimdae found that 
males are strongly territorial during spanning They stay in small 
areas and defend these by lateral display but rarely by fighting 
Houever, fighting may supersede lateral display In tins fish size 
is not correlated with size of territory Fabncius also found that 
bream males in a lake are strongly temtonal and that temtones 
are defended by splashing rcacuons * Sizes of territories relate to 
topography of the Jake bottom and the amount of vegetation 
Fabncius concluded that amount of spawn can be increased by 
increasing the number of territories for those fish ishich exhibit 
territoriality Thus he concurs with Breder on this point 
In another aquarium experiment Fabncius (1954) found that 
when char were introduced into an aquarium they first swam in 
schools then displayed and fought After forty five minutes to 
one hour ' males defended well defined territories The Fish sivsm 
over Its territory and vigorously attacked all trespassers After 
three days fish which had not secured territories were driven to 
neutral zones Temtonal males may during chases cross tern 
tones of other males and they may leave their temtones to join 
females and then return Territories from which males were re 
moved were occupied by other males Females like males were 
observed to occupy definite temiories , , . . 

These relatnely few references support tentatively the broader 
assumptions held by namralBB that many types of fishes display 
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terrUorial behavior, especially during the breeding season. Ter- 
ritoriality oE schools of fish under natural conditions has not 
studied. Information for charting variations in this behavio 
not adequate. 

Reptiles 

The following five references on reptiles deal to some 
with the subject under review: Noble and Bradley (iQSS)* . ° ^ 
(1934), and Greenberg and Noble (1942) report territoriality 0^ 
lizards; Evans (1938) reports it for a Cuban species of lizard, an 
Cagle (1944) describes home ranges, homing behavior, and mig^a 
tion for turtles. 


Birds 

Since the concepts previously reviewed have predominantly K 
lated to birds, the main emphasis will be put on describing 
tions in the lerritortiality of different types, and reports on 
terminanis of these variations. ' . . 

Friedman (1928) studied social "parasitism" in birds 
special reference to the cowbird. In birds which parasitize others 
by laying eggs in the nest of hosts, it might be expected ® 
change in territoriality would occur. Details need to be worked 
out, but Friedman developed a theory that bird “parasitism s’® 
suits from **a weakening of the territorial urge." 

Carpenter (1930) studied experimentally the effects of com 
pleic and partial gonadectomy on the reproductive behavior 0 
pigeons. Effects on fighting by males in their own nesting areas 
were studied by introducing males which were unadapted to those 
nest areas. The bird in its home area regularly won the test en- 
counter even though partially or completely gonadectomized. 

Tavistock (1931) challenged the food shortage theory. Many ol^ 
servations reveal that territories are established and defended 
where food is abundant and widely dispersed. It is possible that 
tcmtorial behavior is what is currently termed an emergency sur- 
vival mechanism, which operates regularly but has its survis’al 
value only during times of acute food shortage. 

Lack and Lack (1933) reviewed the evidence for territoriality- 
ey pointed out that some birds are territorial at times and at 
colonics; the great black-headed gull and 
crested grebe were cited as examples. They observed that fighting 
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is reduced during the period of rearing the young Finally, they 
challenged the assumption that terrilonalit). Umits the number 
of pairs of nesting birds in a given area 
The Lacks’ viewpoint disagrees with Huxfeys report (1933), 
which concluded The pugnacity of the male (and to a lesser 
extent of the female) is clearly seeing to it that one pair of Swans 
shall grow where two pairs grew before " The Lacks and Huxley 
raise the problem of whether species of birds have a territory of 
rather constant size or there is considerable variation and if 
the latter is the case, what causes the variation m territorial ranges 
and different numbers of pairs in a given area 
Allen (1934) advanced the theory, based on a study of ruffed 
grouse, that territory, song, display, and fighting ‘are explainable 
on the basis of necessity for synchronizing the mating cycles of 
males and females " 

Chapman (1935) described a variation of territorial behavior 
for Gould 5 manakin in which a number of males cleared ‘ courts 
located close together There may be five to seven courts placed 
30 to 40 feet from each other TerntonaJ rights uere strictly ob. 
served Females nested apart and separately from males How 
ever, they would come to the males courts and selectively mate 
with a male Fighting was not observed among the males 
In her systematic and definitive study of song sparrows Nice 
(1937) sketches uhat is perhaps a pattern of lerriioriahty that is 
ludely characteristic of many species of birds She observed that 
individual male song sparrows returned to or remained in the 
same territories from year to year If another possessed his ter 
ntory during an individuals absence, he was usually successful 
m regaining the area 

Nice quotes Vogt (1938) to die effect that the willet is highly 
territorial and guards the boundary of its domain throughout 
most of the breeding season as vigilantly as tlic passerine birds 
Unlike most birds the willets mate before establishing a ter 
ntory and then signal its location by ceremonial flights 
Nice further reports that buds of pand sc (Rand 1910) are ap- 
parently monogamous Males do not establish temtories She 
gives data on penguins i^liich as reported by Roberts (1940^ show 
great emotional valency ' for areas around ihe nest Fighting 
occurs among birds occupying adjacent territories Apparently 
these fights involve both males and females 







Baumgartner (1939) reported on the temtonahty of the ^ 
homed owl An owl vigorously excludes others from its g 
Baumgartner believes this intolerance to overcrowding 
tantly affects the density of population The range of an ow 
about one half mile, and to judge from sounds studied at nio ^ 
hunting IS apparently confined to this range Trapping ban mo 
removal to a distance, and retrappmg tvas another method of stu y 


used Owls change ranges after rearing of the young 

Noble (1939) contributed to discussion of the relation o ter 
ritorj to dominance and arrived at several important conclusions 
(1) Temtones have clear advantages for subordinate anima 
suliordinate animal in us own temtory can win a fight wn 
dominant animal (2) Dominant animals may defend larger ter 
ntones than subordinate animals Noble generalizes ‘ Temtory 
should be sharply duided into different categories Sexual terri 
lory, which is so characteristic of most birds, is, however, foun 
m most egg laying and nest building vertebrates It anses from 
the sexual interest of the animal in an area suitable for nesting 


and It functions primarily to test sexual readiness of the 
posite sex and to make sexual bonds Sexual territory is not to c 
confused with nesting temtory which has a different motivational 
basis, nor with an isolated retreat which is defended by many 


scrtcbrates against intruders at any season 

Bcnneit (1940), working on social hierarchy in ring 
found that males injected with testosterone propnonate cnlarg 
their prcMously held lemtories 

Kirkman (1940) studied the black headed gull by moving 
Normally the birds never placed nests closer together than * 
inches When nests were mosed experimentally, the behavior 0 
nest owners could be changed to that of nest intruders 

Kcndeigh (1941) reported another basic study s^hich was ct 
tensive and systematic. He observed the house wrens of a 15®^^ 
plot for 19 years and examined 215 temtones, firmly establish 
in^, the fact of temtonahty for this species and plotting 
lions of range patterns 

Djcbschlag (1941) confirmed previous studies of the house wren 
an anucipaicd others by pointing out that temtory pl^>* 
important role m establishing and maintaining peck order don« 
nance in social luerarchies 

Hochbaum (igjj) observed tiiat the boundaries of a territory 
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are the boundaries of the canvasback duck’s tolerance and vary 
« this tolerance y^aries. The tolerance distance is not constant. 
Temtories are larger in sparsely populated than in densely popu- 
lated areas. ^ ^ ^ 

Bain (1949) conducted a field experiment on the great tit rela- 
tive to home range and dominance. By moving a feeding station 
nearer or farther from home ranges of birds living in adjacent 
areas, he svas able to alter and reverse dominance relationships. 

The most important fact that emerges from reviews of bird be- 
havJoris the neat uni wrsafity of some type of tenitoriality. Never- 
theless types and patterns of this behavior show great variance, 
and much here is not yet known. Furthermore, the field would 
seem to be ready for productive experimentation to isolate and 
define the major determinants of territorial behavior in birds. 
Jtodefjij 

"A Study of Beaver Colonies in Michigan" by Bradt (1938) is 
a good description of the complex behavior of this animal, in- 
cluding its territoriality. It is well known that beavers build 
dams, construct houses, and occupy localized areas. Like many 
animals, they mark the possessed territory, which is elaborately 
modified, by scent, and use various sound signals to defend the 
area. 

Gordon (1940) found for Sciurus fremonti, living in lodge pole 
pine lorest, that these squirrels collected pine seeds and placed 
them in the center of an area which was guarded by a single ani- 
mal. Churring corresponded to the song of birds in its use for de- 
fending territory. From studies of several species, Gordon con- 
cluded that territoriality characterizes the life habits of squirrels. 

Evans and Holdenried (1941), studying the ground squirrel 
Citellus beecheyi, concluded that adult males are restricted to 
small ranges svhich seldom overlap. Females also remain svithin 
their ranges but there is overlapping, sometimes compfete, of 
their territories. Young squirrels range widely and establish ter- 
ritories later. In 1943 these observers reported again, added that 
some permanent transfers of ranges occur, and concluded: "In 
summary, observations at the Calaveras Reservoir indicate that 
many ground squirrels remain within a small area throughout 
most of their lives." 

Linsdale {1946) provides another systematic report on ground 
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squirrels. He confirms territoriality and infers that 
role in identifying territories. ••Ground squirreis 
all other kinds of small mammals m being closely res 
most of their activity to the near vicinity of their '’O'"' ° ' 

Various internal drives send the squirrel from its nest, 
mally for only a short distance. The length of its trave 
markably short when compared with its powers of move • 
Moreover, the amount of time spent in travel each ® / 

Apparently the nest site is (Kcupied for only a short perio t 0 ^ 
removal to a new site may not be far. . . . When it 
porarily or momentarily . . . the least threat of danger wi^ se 
it rushing toward its home by the most direct path. , 
names some of the drives involved, e.g. food, nest materia s, 
sunshine, which might activate squirrels. These vary. ^ 

two foci of behavior; the one where activity occurs an 0 ^ 
which serves as a refuge. When removed from its home site ^ 
squirrel exhibits a stronger drive to return than to find a n 


Haugen (1942) found that cottontail rabbits have home 
svhich average about 140 acres in size during the winter and 
reduced to about 22 acres during the breeding season. 

Errington (1946) argues for territoriality in vertebrates^ ^ 
eluding rodents and suggests that those without territories m 
population are more subject to predation than those with t^ 
riiories. Escape efRciency, it may be noted, could relate to 
miliarity with the territory (Bates). 

For the brown rat, Davis (1948) defines the home range as ^ 
area regularly frequented by an individual.” He observes that the 
scope of behavior or range varies from season to season, svilh 
and with population density. In his studies and those of his co* 
workers Davis has used several methods for plotting the 
of territories; trapping-marking-retrapping; poisoning; tracking' 
and feeding dyes which color the feces so that they can be identi- 
fied. Davis reports that no rat was recovered in the first study 
than 65 feet from the place where it was previously capture - 
No marked animals were captured in adjacent city blocks. In t ® 
second study recoveries were made up to 120 feet from point o 
fint capture. Davis concludes: 1) Range of movement is related 
to harborage and food supply. 2) Rats occasionally shift their home 
mnge. 3) Range of the brmvn rat is seldom more than ioo 
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m diameter 4) Radical changes in the emironment may lead to 
changes in areas occupied * 

Davis (1953) made an analysis of home range data from recap- 
tures of the rat. He approached quantitative methods ishich arc 
not cmphasiicd in most studies of temtonahty He plotted rats 
movements beiueen capture and recapture and applied a formula 
/r-s C or log / + ar log r=: log C, uhere /= frequently of re 
capture, r= distance and C = constant Davis suggested that 
curves plotted thus may yield a s-alue r which » related in a con 
stant manner (an index) to the sue of a home range for a species 
He confirmed limited range movements in the rat and reported 
that males traveled greater distances than females and that the 
extent of movement tended to increase with age 

King in his intensive study of the blacl tailed prairie dog (1955) 
gives earelui attention to popuhtion djnamia tncladtng fern 
tonalism He found that praine dog towns arc organiicd m hm 
lied areas and as sviih the ground squirrels mosements in space 
occur with reference to their bunou-s There is cooperative 
defense of eocenes through vocalizations and the dominant mate 
IS most active in defense of the groups area )\fovemcnu hou 
ever, are not confined to the area of the cotenc Tlie distance 
(raveled varied from 3000 to 14000 feet and averaged about 
5000 King 3nal)7ed auses of movement and refen toapproich 
responses betsveen animals tendency of pups to follow adults the 
movement of pups dunng play and defense behavior The great 
est distances traveled from the cotenc involved males guarding 
the temtory King describes invasions and surmises ttie momes 
to be exploration seircfi for specific food a new home site larger 
territory or mates His ihorouch dcscripiiom emphasize tlie close 
interrelation between social organirauon and the stmeture of 
spatial arrangements in the prairie dog 

Seals 

Seals provide y« another cxcelfent example of temtouiUtr m 
breeding grounds of a migratory animal TJje Seal libnd colonio 
desenbed b> Darling (1947) Bartholomew (igst and 1031! 


. One can ipcmUfe iW apyJari* e>lr«u«, tV i t»« 

»dat organoitwn and tcmwrfil c( *■» 

popuatwna mj be P«i 
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represent spatial oi^nization as one link in the 
movement that includes migration. As with . 

the seal colony arrive first on the breeding grounds an P 

session of individual territories. It is said that bulls occupy 
ritories held during previous years. Bonner (1955) , . 

basis oE his review o£ the literature: “They may fight „ 

territory and no doubt there are frequent changes ot posi i 
Immature bulls occupy areas apart from mature males ic 
to possess harems. Arrival at the breeding grounds is ordere P 
parently in terms both of age or maturity and of sex. _ 

The gigantic struggles prevalent in seal-breeding colonies a 
well knotvn, but the detailed dynamics of these struggles, the 
vating drives, the specific incentives, the patterns of actions ^ 
reactions over long periods of time deserve further mtens 
study. It would seem to be clear that territoriality has a cent 
role both as motive and response in the dominance order o 
breeding-age bull seals. It seems equally evident that in this large ) 
aquatic mammal territoriality is a basic condition for reproo 
live behavior and colony organization. ^ , 

Among seals, as in many other territorial animals, it v.*ou 
seem that vocalizations function along with fighting for signaling 
territorial possessions and for defending them. 

The territories of seal-breeding grounds are a complex mosaic, 
structured in relation to the kinds of animals, their age and seX, 
and different kinds of behavior appropriate to individuals an 
subgroups of the colony. There are "hauling grounds” and bree 
ing grounds.” There arc places where "bachelors” cluster an^ 
areas where pups play. Cows arc attracted to cows. The mosaic 
is indeed complex but it has a functional order. Without this 
spatial order or territoriality the reproductive processes of sea 
would be chaotic. 


Deer and Ungulates 

Darling (1937) has provided in his basic study oE A Herd of 
Deer and his later report (1952) an example o£ insightEul intef' 
pretation oE the territoriality o£ ungulates, especially the deer. 

The picture is complex and varies svith the seasons. There are 
derinitc territories for red deer associated with feeding, and deer 
arc identified with wide regions. Like the elk oE North Amerio. 
the red deer of Scotland spend the summer season in the high" 
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mountains and the wnter in sheltered valleys below The low 
land winter ranges are more limited and defined than those of 
the summer, and herds maintain during the winter more com 
pact cohesive groups In major areas hinds and stags are separated 
except during the rutting season m the fall Deer restrict their 
movements to territories Darling experimented with com as bait 
and was unsuccessful m induang deer to cross a stream which 
marked the limits of the herd s range 

Darling describes in detail the harem forming and defending 
behavior of stags dunng rut Here fluid spacing arrangements 
seem to correspond to the stressful dynamics of sociosexual inter 
actions Dunng rut rejected stags explore widely and may go as 
far as 75 miles from their habitual ranges 

Hinds separate from the herd temporarily during the partun 
tion period 

Darling terms the red deer herd a matriarchal society This 
characterization would seem to apply to the entire deer family 
Thus the pattern of tcmtortzhtY ^aracteristic of these ammaU xs 
in all probability implemented mainly by females 

'IVnting on the Social Life in Ungulates (1952) but with 
special reference to his vast knowledge of the red deer Darling 
observes that territory and sex are related mechanisms of society 
Territory he says occun xvitliin the range and is determined 
psychologically rather than physiologically He reports that de 
feme (fighting) of group territory among ungulates is not known 
He adds however that temtones result from choice are known 
(by the occupants) and that this learned territory has advantages 
for finding feed and for strategic purposes Herds move m response 
to adverse conditions and they may combine in the face of com 
mon need Deer territories are well structured by paths wal 
lows rubbing trees and so on In September red deer establish 
rutting territories in the hind territories usually where rapid 
movement is possible A laige hind territory is divided into 
many rutting terruones which are near each other Darling in 
fers that the number and closeness of these temtones and of 
course the interactions of the ammab stimulate the males cs 
pecially to vigorous breeding Eiehavior 

Mune published the definitive study of elk The Elk of North 
America (1951) Their range patterns are similar to those of the 
red deer Elk have summer ranges usually m high mountain 
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pasmies and winter ranges dorm on the plains where compound 
herds sum up to thousands o£ individuals. There is a spring migra- 
tion from rvinter to summer feeding grounds, timed during the 
calving period of corvs, and a dramatic fall migration from sum- 
mer back to rvinter ranges. This fall migration coincides with the 
rutting period, rvhich is characterized by battles of the bulls both 
with voice and brute force, by harem formation, by defense, and 
by climactic sexual behavior. Cotvs dominate and "lead" herds 
and subherds, except during the tutting season. Ranges and ter- 
rftoraer axe srxursured by rrajlv feeding and watering areas, rval- 
lows and "day beds," shelters from weather or places rvhere wind 
gives some protection from Bies- 

The deer family presents yet another variation of patterning of 
leniioriality for the vertebrate animals. 

Primates 

What are the characteristics and variability of territorial behavior 
among primates, if indeed this phetiomenon is found to character- 
ize the naturalistic behavior of these cousins of man? 

Zuckerraan in The Social Life of Monkeys and Apes (1932), 
against the background of Hcape's (1931) type of conceptualiza- 
tion, recognized the microterriiorial patterns of behavior in the 
London Zoological Garden as displayed by baboons. He also re- 
poned movements within range limits and localized areas of troops 
of baboons in Souili Africa- 

Carpenter (1934) reported systematic observations of the howler 
monkeys. One of the first problcrns he attacked was to identify 
and plot the movements of a howler clan during about one month's 
lime. Territorial localization of groups was found and used ad- 
sanlageously m making population censuses of howlers living on 
Barro Colorado Island, Panama. Perhaps censuses would not have 
been possible either for CaTpemer or Collias and South wick (j 952) 
had howlers not been identifiable Iri groups and strictly territorial. 
Observations continued for many months and repeated during dif- 
ferent years showed persistence of localizations of the groups. 

The territories of arboreal howlers, like those of many other 
animals, have arboreal pathways; food trees, which change during 
the seasons; trees where the monkeys rest during the midday and 
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forest and clearings or the shore of Lake Gaton Temional de 
feme behavior consists mainly of special patterns of vocal, mtions 
and perhaps very rarely of fighting 

Plots of the movement of howler groups show that they tend to 
travel toward and away from activity centers of an area The ter 
ntoriality is a function of the interactions of activity systems with 
the physical environment It ivould seem that many of these ac 
tions and reactions are learned 

Carpenter (igs^) confirmed territoriahty for spider monkeys and 
squirrel monkeys m their native habitats of the Cotcr Region of 
Northern Panama charted the distribution of a family of orangu 
tans on the West Coast of Sumatra (1938) and in a monograph on 
the gibbons of Northern Thailand (1940) gave location and ranges 
for twenty one gibbon families 

His intensive studies of temtonahsm in a rhesus monkey colony 
transplanted from India to Santiago Island Puerto Rico show 
that organization of the colonys groups proceeded concurrently 
with the establishment of their lemtones One group svas ter 
ntoriaily dominant over all others and moved occasionally to most 
parts of the island Dy experimentally trapping the males from this 
group beginning with the most dominant male Carpenter demon 
straied that territorial range was progressively restricted as the 
dominant males were removed from the group Thus it would 
seem that dominant animals in groups ensure the extent of lemto- 
rial ranges just as it has been repeatedly observed that individuals 
are more dominant and successful in fights when they are in temto- 
nes to which they are adapted 

Carpenter (1958) has recently reviewed available evidence 
for and against territoriality in primates Gilmore (1943) fotir'd 
that cebus monkeys of South America ivould return to their 
home ranges when released five to six kilometers away Haddow 
(1952) confirms the fact of general territoriality for African 
monkeys and reports his belief that arboreal trails are learned by 
African monkeys Haddow questions the negative findings of Bux 
ton (1951) who hired large numbers of natives to observe the 
night resting habits of monkeys and did not find territoriality 
from plots of the natives observations Furthermore Haddow 
(1952) confirms Lumsdens (rosO observations iJiat primates oc 
casionally shift their temtonal ranges Specif cally Haddou re 
ports the writer can place on record an instance where a large 
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band of baboons, which had occupied a certain feeding territory 
for at least four years, suddenly moved to new ground about one 
and one-half miles away. After spending about four months in the 
ne^v area, they returned to their former haunts, where they re- 
mained to his knowledge for a further two and one-half years . ‘ • 

Carpenter (1958) summarized his review of territoriality in 
primates as follows: "Observers who have used adequate methods 
have confirmed and contributed to the definitions and descriptions 
of territoriality, that prominent characteristic of primate behavior 
which involves dynamic Interactions with their habitats. Without 
doubt, as evidence collects, variations of this behavior will be 
found and the general concepts will be elucidated and made more 
specific." 

Nissen (1951) in "Social Behavior of Primates" writes: "A large 
band or horde establishes itself within a certain region, ordinarily 
confiding its activities to that area and stoutly defending its bound- 
aries against encroachment by neighboring bands of the same 
species. As the size of one horde grows, or its food supply dimin- 
ishes, it may seek to expand its Lebensraum and may come into 
conflict with adjacent groups." 

In conclusion it would seem on the basis of available data that 
territoriality is as characteristic of primates’ behavior as it is of 
other vertebrates. 

Inferences on Functions of Territoriality 

Many naturalists have ascribed functions to territoriality mainly 
on inferential bases, since controlled experimentation has not yet 
clearly defined and delineated the area of its possible effects. The 
following documented inferences should be viewed, therefore, as 
hypotheses yet to be proven. Nevertheless, the list is impressive 
and suggests the apparent very great biological significance of 
territoriality in animal life. 

Territoriality; 

Space* or disperses a species population Naumann (1820). \Vhiie (1880). 

Moffat {1905), Bates (1950), Alice (1954) 

Limiu or regulates populauon by limiting breeding Moffat (1905). Howard 
(« 9 «). Huxley (1933). Nice (1941). Alice (1954). Kalela (1954) 

Ensures adequate space per sc Bates (1950) 

Prevents oserpopulaiion Moilat (1903), Burt (1943) 
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Exposes elements (nonterTHonaJ) of a population to predation Emmon 
(1946) Burt (1949) 

Affords protection against predation Emngton (1946) Davis (1948) 
Reinforces dominance and selective breeding of the strong Howard 
(igio) Noble (1939) DiebsdiJag (1941) Carpenter (1942a) Greenberg 
(1947) Bam (1949) 

Is advantageous for subordinate animals Noble (1939) 

Affecu rate of gene flow in a population and hence may affect rate of 
evolution Burt (1943) 

Facilitates establishing of breeding colonics for migratory animals (ccon 
omy) Carpenter (inferred from data on seals) 

Stimulates breeding behavior (rut temtontt of deer) Darling (1937) 
Regulates spawning in fish Wunder {1930) ter Pelkwijk and Tinbergen 
(1937) Noble (1938) Fabriaus (1951) 

Facilitates and perhaps ensures breeding for some speaes Darling (1937) 
Bourli^re (1934) 

Reinforces dominance statuses Carpenter (1930) Noble (1939) Diebschlag 
(1941) Bam (1949) 

Reduces sexual fighting and killing Chapman (1935) Carpenter (19423) 
Alice (1954) 

Reinforces monogaray AUie(igsi) 

Increases inbreeding m groups Howard (1920) Carpenter (1942a) 

Protects nest and young Hetrick (1912) Hediger (1950) Davis (1953) 
Reinforces integration of groups Herrick (1912) Carpenter (1952) 

Regulates sue of groups Hediger (1950) 

Provides security and defense Bates (1950) Hediger (1950) Alice (1954) 
Provides psycliological advantage and favorably affects motivation tern 
tones are learned Carpenter (1934) Bates (1950) Hediger (1950) 
Increases accessibility and availability of food Altum {1868) Moffat (1903) 
Howard (igso) Nice (1941) Davis (1948) Bates (1950) Hediger (1950) 
Alice (1954) 

Localizes naste disposal in some speaes Hediger (1950) 

Reduces stress { flight distance ) Hediger (19,0) 

Protects against despotism Nice (1941) 

Protects against interference with orderly nesting cyc/e Howard (1920) 
Nice (1941) 

Provides song center for buds Nice (1941) 

Provides attiacuon area for female (bird) ready to mate Nice (igti) 

Reduces rate of spread of diseases and parasites Nice (1941) Alice (1954) 

Warns away trespassing animals Schmid (1935) 

Inhibits or prevents parasitism Friedman (1928) 

SOME IMPLICATIONS OF TERRITORIALITY 
FOR EVOLUTION 

Tcmtonaltty, which is a complex behavioral system and has 
wide variations of characteristics £br different types oE animals. 
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IS nevertheless almost universally exhibited in some form from the 
fishes through the primates It \\ould seem, therefore, that it has 
important relationships to the adaptise, selective, and survival 
mechanisms of animal evolution 

It IS assumed that lemtonahty functions to regulate popula 
tion dispersal over an area and perhaps indirectly to regulate 
fiopulation numbers It may be an intermediate factor between 
food supplies and thetr availability in amounts needed to sustain 
a population of a given size The food supply of an area may be 
regulated for different segments of a population Aggressive in 
dividuals or groups may reserve to themselves, through the com 
plex mechanisms of territorial behavior, an oversupply of foods, 
while at the same time denying an adequate supply of food to 
less aggressive individuals or groups 
In thetr competitions for territory, individuals and groups pit 
their strengths or behavioral capacities against others in struggles 
which determine the basic conditions for survival, espeaally the 
opportunities to reproduce, to rear young and to have access to 
food These struggles are tests of 'fitness to survive,' and with 
some species many individuals may be hilled 
Temtonal behavior interacts with the social behavior of 
animals Furthermore, social behavior such as mating herding, 
grouping provide the necessary conditions for reproduction, m 
eluding rearing of the young 

The individuals which arc excluded from territories and from 
breeding groups are prohibited, during such separation, from 
contnbuting genetically to the population Territory and social 
organization, the structure of the population, regulate the flow 
of genes, thus affecting the characteristics of the * gene pool 
Not only arc individual gene earners temporarily or perma 
nently excluded by temlonal-group boundaries from breeding 
but within groups individuals especially males, do not have equal 
probabilities of transmitting their genetic charactenstics For 
some animal types inbreeding within groups predominates for 
long penods of time breeding among organized semiclosed groups 
occurs through complicated exchanges of individuals from group 
to group across terruonal ranges These exchanges are importantly 
affected by the terriional envelopes of the groups which may con 
stitute temporary isolating mechanisms 

An optimal dynamic stability of a population is a favorable 
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condition for species survival, and the territorial order of the 
population in an area is an imporunt condition for opumal 
population stability Territoriality combined with social oigani 
ration reduces slress, conflict, pugnacity, and nonadaptive energy 

'*On the basis of these assumptions it may be hypothesized that 
physical geographic changes which radically duturb the temtoria 
order of a species populauon may seriously and adversely aBect 

the survival of the species ,1,- 

It IS not, finally, beyond the realm of possibility that the be 
havioral systems of territoriality may in some species become 
/ivPerlrofLd or overdeveloped and hence become nonadaptive 
Jlrmatmn on this possibility is lacking for 
and the territoriality of man K another theme which remains 
be systematically studied 
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ot species whose phylogenetic relationships are established, it is 
possible to make hypotheses about the probable origins of that 
behavior, and thus about the course of its evolution.^ In doing 
this, the ethologist must start by relying on the currently accepted 
classification of the group he is studying. This is usually satisfactoi^, 
but sometimes the results of behavior study clash with the classifi- 
catory scheme previously in use. In such cases a reappraisal 
characters, morphological and behavioral, may lead to a revision 
of the classification. Circular arguments are thus avoided by the 
same method that is used by comparative morphologists, namely 
the use of independent sources of evidence about the systematic 
relationships of the species studied. 

Use of the comparative method in studying the evolution of 
behavior then involves several distinct steps. First, formal simi- 
larities in the behavior patterns of the species concerned must be 
recognized. Since the species are believed to be closely related 
on other grounds, such similarities suggest that the behavior 
elements have a common evolutionary origin. However, simi- 
larity between behavior elements does not necessarily mean 
identity,* for minor differences between species will occur. Ex- 
amination of these differences, together with evidence about the 
causation and function of the behavior elements, enables hypothe- 
ses to be erected about which behavior form is the more primitive 
(i e. phylogeneiically older). This in turn permits hypotheses 
about the probable origins of the behavior elements, and the 
differences between their present condition and their probable 
origin can be described. The result is a tentative description of 

1 The use of ihc co-nparative method in the study of behavior owes much to the 
pioneering studies of Whitman (igiQ). Heinroth pgii, igaS) and Lorenz (1935. 
*9*9- >94*) Among the groups now being studied arc saUicid spiders (Crane, J94&-30), 
grauhoppeis (Jacobs, 1950, Taber, 1959). maniids (Crane. 195*), Drosophila (Spielh. 
>950. 1952). spider wasps and di^er wasps (Evans, 1955, 1955), fiddler crabs (Crane, 
>94>)' cichlid fish (Seitz, 1940, i^i, 1949 Baerends and Baerends, 1930), sticUebacks 
(Tinbergen, eg 1951; van lersel, 1955, \foms, in press), ducks and geese (Heinroth, 
1911. 1928, Lorenz, 1941), fnngttline and cardueline finches (Hinde. 1955, 1954. 1955. 
195®. t'farler. 195G). old world buntings (Andrew, igsCb) estnldine finches (Moms, 
m press), and gulls (Goethe. 1937, Tinbergen, 1953, Tinbergen and Broekhuysen, 
•954; Moynihan. 1955a. Cullen in press) 

a The precise meaning to be aiiached lo •similarity wiM vary with the nature 
of the behavioral character and the divenity of the taxonomic group Since the 
gaps beinecn the units within a taxonomic group ate usually smaller than the 
gaps between groups, similar usually means less difiercnt within the group than 
between the group and other groups A oimparable difficulty of course arises m 
morphological work and is met in the same way 
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the way the behavior has changed m evolution, this is the most 
that can be expected from descnptive comparative studies 
A knowledge o£ the probable course of evolution prompts 
further enquiry as to why evolution has taken that course and 
not some other It is thus desirable to know whether the changes 
are adaptive and can have been brought about by selection This 
involves a study of the survival value of the behavior elements 
and of the intenpecies differences, as well as further iiivestigaijon 
into the causal and functional relationships betiveen the be- 
havior elements 

Selection of Characters for Study 

As in morphology, successful use of the comparative method 
depends on the selection of the characters to be compared A 
major problem is one of level of complexity how far is the be 
havior to be analysed before its parts are compared? Both because 
there is no direct evidence about the behavior of extinct forms, 
and because convergences are widespread, most of the studies 
made hitherto have dealt with relatively small behavior elements 
within groups of closely related species The conclusions draivn 
from such studies thus refer at most to microeiolution Although 
quite complex behavior traits, such as the communal nesting 
habits of the Crotophaginae (Davis, 1942) and the parasitic habit 
in cuckoos (Friedmann, 1929) have sometimes been used sue 
cessfully m comparative work, the results of such studies are 
often difficult to assess until a further analysis of the characters 
has been undertaken 

Ultimately it i\ill be desirable to make comparative studies 
not only of overt behavior but also of the causal mechanisms 
underlying it Hoivever, since the motor patterns are directly 
observable, it is these which have been studied most often Hem 
roth and Whitman were among the Erst to point out that species 
characteristic movements (the fixed action patterns ) can be 
isolated from the total motor behavior, and tfie results obtained 
by many later workers have confirmed the value of these for 
comparative work 

One further point about the selecuon of characters for com 
parative study must be discussed All characters of the living 
animal, behavioral and morpholt^ical. are products of environ 
mental factora as well as of inherent potentialities student 
of evolution must therefore abvays ensure that the differences he 
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is investigating are in fact indicative of pnetic diversity and not 
merely of dissimilar environments. Special care is needed in be- 
havior studies because of the plasticity introduced by learning 
processes. 

In the past, as Lehrman (i953)» Beach (i955)/ others 
have pointed out, ethologists have often been too ready to assume 
that learning does not enter into the development of instinctive 
patterns. (But see also Koehler. 1954). Recently, for instance, 
it has been shown that an inexperienced ring dove (Streptopelia 
risoria) will not walk up to its chick in order to feed it: this has 
to be learned (Lehrman, 1955). Similarly, Craig (1912) showed 
that drinking is not elicited in young doves by the sight of water; 
the response to the visual characteristics of water has to be con- 
ditioned. 

On the other hand, the opposite tendency has also occurred: 
many authors have overestimated the pan played by learning 
and underestimated the widespread occurrence of '‘unlearned’' 
behavior. To cite but two examples, Sauer’s (1956) very detailed 
observations on Sylvia borin show that the complete repertoire 
of species-characteristic movements and calls is performed by birds 
raised without their parents Second, female canaries which have 
never manipulated anything but fine grain shotv all the move- 
ments of nest building before they have had material to build 
with, and treat such material appropriately as soon as it is pre- 
sented. Of course such observations do not show that learning 
processes do not enter into the development of the elements of 
the behavioral patterns in question, but only that the species- 
characteristic patterns develop and arc given appropriately in the 
absence of example or re^vard. 

However, for the present purpose the relevant problem is not 
whether a given character is independent of learning or not but 
whether and to rvhat extent behavioral differences between 
specie arc due to hereditary differences, that is whether they are 
innate.* This can be decided by raising tivo species in the same 
environment; if specific differences persist, then these must 

S Some (cmantlc clanfication fa perhaps required here In the past the term 
“mnaie" has been applied In ethology to both characters and the difTcrenccs be- 
tween characters Various critics (Beach. 1955; I.ehrman, 1955, Spurway, 1933) have 
pointed out that the application of the term to characters is misleading, since these 
ate the result ot continuous interaction between environment and inherent potentul- 
liles throughout development la th« paper, therefore, “mnate" fa applied only to 
differences CTinbergcn, 1935I 
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ultimately be due to hercditaiy differences For instance, the 
Heinroths (1928) have given numerous examples of interspecific 
differences in behavior which persist even in individuals reared 
in the same artificial environment To cite another example, 
^at tits (Parus major) or blue tits {Parus caeruleus) taken 
from the nest eight days after hatching and reared by hand deal 
with large food items {eg mealworms) by placing them under 
their feet and pecking at them The use of the feet appears first, 
in an incomplete form at about scsenieen days, and learning 
clearly enters into its perfection Chaffinches bred from eggs 
which uere hatched and reared for eight days by tits, and sub 
sequently fed by hand only rarely use the foot In feeding* Thus 
this difference in tJje use of the foot is basically hereditary, even 
though learning plays an important part in its development 
This exemplifies a principal of great importance many of the 
differences between species do not he m the first instance m 
stereotyped behavior sequences but consist m the possession of a 
propensity to learn Thus the production of the species<har3cter 
istic song by chaffinches (Frmgtlla coelebs) depends on learning 
from other singing males, but a chaffinch will not imitate any 
sound It hears — only those having certain characteristics in 
common with normal chaffinch song (Thorpe, 1954, 1956 see 
also Hcinrotb ipaS. Sauer, 1954) Houever, although the on 
togcny of behavioral characters is as yet largely unexplored, there 
IS a wealth of material showing that intcrspecies differences in 
motor patterns of the kind most commonly used in comparative 
studies are almost invariably innate On the other hand, differ 
ences in responsiveness to releasing stimuli are sometimes due to 
conditioning and sometimes innate A check on the relative roles 
of inherent and environmental factors in the production of inter 
species differences is thus even more necessary when comparing 
responsiveness than when comparing motor patterns. 

The Evolution of Courtship and 
Threat Displays in Birds 
To exemplify the use of these methods in comparative work we 
will now consider some of the conclusions reached about the 
evolution of the threat and courtship displays of birds Court 
ship behavior has been much used m comparatue studies because 

4 Of cour« the mtra egg envt«,r,m«« differed bui e>cn th« u presumably 
ultimately largely under genenc coniroL 
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of the relatively stereotyped postures involved and the extent of 
interspecies diversity. 

A Preliminary Causal ilnalyits 0/ the Displays 

It is first necessary to consider some results obtained in the 
causal analyses of such displays. Recent studies of both fishes and 
birds have shotm that a threatening animal has ttvo incompatible 
tendencies: to attach its rit-al and to flee from it. Similarly a 
courting bird has three incompatible tendencies: to attack, flee 
from, and behave sexually lotvard its mate (e.g. Tinbergen, 1952, 
1955; Hinde, 1952, 1953). The nature of the behavior sho^vn at 
any stage in the courtship depends on the strengths and relative 
strengths of these conflicting tendencies. 

Among fishes and birds species differ in the relative importance 
of these tendencies. In some the male is markedly aggressive to 
the female throughout the reproductive season (e.g. three-spined 
stickleback, Gasterosteus aculeatus^ Tinbergen and van lersel, 
in preparation; river bullhead, Cottus gobio, Morris, 1954b), 
ivhile in others he is afraid of her most of the time (e.g. chaf- 
finch, Fringilla coelebs, Hinde, 1955; Marler, 1956; zebra 
finch, Poephila guttata, htorris, 1954a). Among many passerines 
the male is dominant early in the season and the female later, the 
time at ivhich the change in dominance occurs varying betxvcen 
spedes: as the relative strengths of these tendencies change, there 
arc correlated changes in the courtship displays (Tinbergen, 19531 
Hinde, 1955). In a few species the male’s tendencies to attack 
and flee are relatively insignificant and the courtship is primarily 
a result of sexual thw'arting (e.g, Mexican swordtail, Xiphophorus 
hellert, Morris, 1955). Among fringiUme and cardueline finches 
most of the components (e.g, wing raising, tail spreading, etc.) 
of the courtship displajs arc associated with one Or the other of 
these three tendencies. The relations between display components 
and tendencies are similar in all the species and interspecific hy- 
brids so far studied, and arc probably widespread among passerines. 
The species differences in display thus lie primarily in the relative 
intensities of components. 

The Evolutionary Origin of Display Movements 

Comparison of the display movements of related species leads 
to the establishment of homologies. Behavior elements from the 
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dilTcrent species can thus be grouped together as having a similar 
evolutionary origin Examination o£ the diversity shown by the 
homologous elements, coupled with the results of causal and 
functional anal>’ 5 cs prov id« indications of the cvoliiiionary origins 
of the movements This method has so far revealed three primary 
sources of display movements From these the displays as seen 
today have become elaborated, presumably through the action 
of selection on genetic variability 

I. Intention movements These arc the pTeparatory and jtj 
complete movements vshicli often appear at the beginning of an 
activity t for instance, a bird about to fly crouches raises its wings 
and tail, withdraws its ncch, and then reverses these movements 
as It springs off Many avian displays have been elaborated from 
such movements (Daanje, 1950) 

2 Displacement activities Tliis term is used here in a broadly 
descriptive sense for activities which appear at first sight irrelevant 
in the situation in which they occur, for instance, the bill wiping 
preening, and feather movements which often appear during 
avian courtship (Tinbergen, 1952) Their causation is still poorly 
understood but there seems little doubt that many displays have 
been elaborated from them In each case the evidence that present 
day display postures have evolved from these sources is com 
parative Often the display movement can be compared with 
the iinntualizcd movement as it occurs in the same species In 
other cases species can be found m which the evolutionary changes 
undergone by a particular display movement are relatively slight, 
and which therefore form a link between the highly elaborated 
cases and their presumed source 

3 Redirection activities When the expression of behavior to- 
ward the object which elicited it is inhibited it is sometimes re 
directed onto another object Thus the aggressive behavior of the 
male black headed guU, ehated by its mate, is often redirected 
onto other nearby gulls (Moynihan, i 955 ®» ‘955h) 

Sometimes a display posture of one type becomes secondarily 
modified into another Thus some threat postures, themselves 
denved from intention movements, have become secondarily 
modified for courtship Here the evidence is partly comparative 
and partly ontogenetic, m the chaffinch the threat behavior of 
the male toward the female changes gradually into courtship as 
his sexual tendency increases (Sfarlcr, 1956) 
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ElaboTotion of Display MoLements m Evolution 

\Vhen the e\oluuonary origins of the d^pky ino\ements ha\e 
been pro\ monally idenufied. the changes ^^hlch they ha\e under 
gone m e\ olution can be described Although the precise ivays m 
■v-hich intention movements and displacement activities ha\e be 
come elaborated into display are still imperfectly understood, 
some principles are becoming dear (Tinbergen, 1954) 

1 Deielopment of conspicuous structures and further airrela 
uon of the mosement t%*iih the structures Most display movements 
show o 5 a conspicuous structure Although it is often found that 
a similar movement shows off quite different structures in related 
speaes so that the movement appears to be primary and the 
structure secondary, there has probably always been a parallel 
elaboration of structure and movement Thus among tits {Pams 
spp) there IS a correlation bemeen the degree of elaboration of 
the head up* threat posture and the development of a con 
spicuous throat and brcaat coloration (Hmde, 1952) Further, 
the blue tu {Pams coArulcus) in uhich the head up posture is 
relatiiel) inconspicuous, maXes much use of a he^foni'ard 
posture in reproductive fighting, and can raise the cheeX feathers 
in a special way to make this conspicuous (Tinbergen, 1937) 

2 Schcmaiization of the movernent. Usually the actual nature 
of the movement itself becomes changed in the course of evolution 
The changes v\hich occur have been classified by Daanje (1950) 
as follows 

a- Exaggeration of certain components of the movement. 
Thus the magpie {Pica pica) makes exaggerated tail movements 
in display These TcpTCscni an elaborated form of the up-and 
down tail movements before flight and probably serve as a social 
rclcaser 

b Changes m absolute and relative thresholds of com 
fonents This may result m marked accentuauon of one com 
ponent of, for instance, an intention inovcmcnt of take-off and 
a virtual suppression of others Similarchanges result m the move 
ment becoming increasingly sicreoiypcd, a given intensity of re 
sponse being ehated by a wider range of strengths of the cliating 
factors As vre have «ecn, m many finches and other passerines 
the vanous components of the displays arc linked vnth one or 
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other of the confiicting tendencies There have so far been no 
studies in other groups to detennine how far relative changes 
m the components of the displays are related to changes in the 
associated tendencies 

c Changes in the coordination of components Thus a com 
ponent of die finl stage of uLmg off (e g crouching) may be com 
bined with one from the springing off phase (eg tail lowered) 

The above three categories are, of course, to be regarded only 
as a means of classifying the changes that can be observed The 
clianges in the medianisms underlying them arc still unhnoivn, 
and It seems unlihely that the categories have any causal validity 
All the changes m the mo\emenis and the accompanying struc 
turcs can be undentood as adaptations to the signal functions ^ of 
the movement, they make it more conspicuous and, in some cases, 
more different from other movements The genetic changes m 
volved are undoubtedly rather complex the displays of carduehne 
Fi intcnpccies hybrids are intermediate between those of the 
parents (Hinde, 1956a, see also the detailed work of Clark, Aron 
son, and Gordon, 1954, on Xiphophorm fishes), and most plum 
age characters conspicuous m display are polygenic (references in 
Hmde, 1956b) 

3 Fmancipation In addition to the changes m absolute and 
relative thresholds mentioned above, n has been suggested that 
there are more marked motivational changes such tliat the move 
ment comes in evolution to be govcnied by causal factors dif 
ferent from those which governed it originally Although such 
changes may be important in some groups (eg Lorenz, 1951) 
their general importance is not yet established Thus it has re 
cently been suggested that the feather postures of birds, much 
used in display and ahvays apparently well correlated with one 
or other of the tendencies underlying it, may be under the same 
type of auconamc ccacrol ss when they ate used for codJjx^ or 
warming (Andrew, 1956a, Woms, 1956) Even courtship feeding 
which seems to be a clear-cut case of emancipation from 
parental/juvenile to sexual behavior (for the female may beg 
while actually holding food m the beak) may in fact be partly 
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a secondary result oE other (e g dominance) changes such that 
common factors between the parental and sexual situations are 
introduced 

The Function of Display 

Now that we have made a provisional sketch of the evolutionary 
radiation of display movements withm a group of closely related 
species, It remains to assess their functional significance Here it is 
necessary to consider the biological significance both of the differ 
ences between a given display movement and its origin and of the 
differences (and similarities) between the displays of the present 
day forms The principal functions of the displays used m fighting 
and courtship have recently been reviewed by Tinbergen (1954)' 
and will be mentioned only briefly here 

1 Fighting Displays reduce the amount of actual combat and 
help to limit fighting to intraspecific encounters 

2 Courtship (a) Synchronisation of the behavior of the sexes 
This may be long term, involving, for instance, hormonal changes 
(Craig igii, Matthews, i939)» or short term, synchronising the 
mating activities of the pair (b) Orientation Some displays have 
primarily a guiding function (for instance the song of many 
passerines the nest sue display of the great tit and other hole 
nesting species) The highly coloured patches round the genitalia 
of many baboons and chimpanzees may guide the male to the 
female s copulatory organs (c) Suppression of nonsexual responses 

Submissive postures in passerines help to suppress the aggressive 
behavior of the mate (d) Maintenance of reproductive isolation 
Thus sympatne closely related species of birds usually differ mark 
edly m display, color, or song (Huxley, 1942, Skutch, 1951) 

As l-orenz has pointed out, all these functions require that the 
display should be effective in eliciting responses in other indi 
viduals This has led to progressive adaptation for signaling 
Apart from this, divergence between species is enhanced by the 
need for maintaining reproductive isolation This does not mean, 
however, that selection acting through the disadvantageous con 
sequences of hybrid pairings is the only cause of evolutionary 
disergencc m displa)s Since the various characters of an animal 
arc dcsclopmentally, causally, and also functionally interrelated, 
sclcaion for change m any one character will ha\e repercussions 
on many others Thus not all differences in displays are neces 
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Mn!) the product ot selection tor divergence in the displays them 
selves (sec bcloti, Hinde, 1955 Mayr et al , 1956, Cullen, m 
press) 


The Extent of Interspecies Differences 
IN Behavior 

In general, the behavior of closely related species is more simi 
lar tlnn that of distantly related ones To mention but one exam 
pie of this Avell knoun fact all gulls feed their chicks by reguigi 
tating food and presenting it m their bills, carduelmes by re 
gurgitation into the gape of the young. Parus spp by dropping 
insects and so forth directly into the gape of the young without 
previously swallowing them themselves On the other hand, there 
are constant differences even between closely related species thus 
the alarm calls of all gulls are a senes of staccato cries, but the 
number, pitch, and frequency of the calls vanes between species 
The nature and extent of such tnterspectis diSercnces very often 
seem to be adaptive For instance, the motor patterns used in 
maintenance activities such as preening bathing and feeding and 
in nest building are closely similar m all carduelmes so far studied 
All species use the head fonvard threat posture, though there are 
slight intcrspecies differences m the relative intensities of com 
ponents In song and courtship however, the interspecies differ 
ences are conspicuous, a fact presumably related to their function 
m promoting reproductive isolation In general it is in the earlier 
phases of courtship that interspecies differences are most marked 
the female’s soliciting posture and the copulatory behavior of the 
male vary little among species This su^ests that it is these earlier 
phases of courtship — i e pair fonnation and the immediately sub 
sequent penod—which are most important in effecting reproduc 
tive isolation 

Supporting evidence for this conclusion is given by the fact 
that if pair formation is forced under conditions of captivity 
breeding success of mixed pairs between closely related species may 
be comparable with that of pure species Similar generalizations 
could be made for other groups of closely related species Thus 
where the motor patterns of courtship song and so on play a 
role m maintaining reproductive isolation there has been selec 
tion for interspecies divergence (Huxley 1942) Usually, how 
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ever, the color patterns shotvn off by the displays have dive^ed 
more than the displays themselves (Moms, 1954^. Hinde, 1956b), 
and this m its turn implies that the releasers for courtship be 
havior have diverged more than the motor patterns In other 
spheres, also the stimuli eliciting the behavior show greater inter 
species divergence than the motor patterns Thus the behavior 
used m hunting for, catching, preparing and swallowing food is 
usually similar in closely related species, but there is seldom 
much overlap in the kind of food eaten (references in Lack, 1954) 
However, m cases ivhere one species is exploiting a food niche 
different from those of its relatives there may also be marked 
divergence m the method of hunting (contrast, for instance, the 
avocet, RecurvirostTa avosetta, with other ivaders) Interspecies 
differences in the eliciting stimuli are the rule in other aspects 
of behavior which have important ecological implications Often, 
as with habitat selection, this is probably the direct result of 
selection for interspecies divergence 

Convergence m beha\ior can be seen m the feeding behavior 
of unrelated species exploiting similar niches, for example fly 
catchers {Muscicaptdae), drongos {DicTurtdae) and some Amencan 
ivarblers (Compsothlyptdae) swifts (Apodtdae) and swalloivs 
{Htrundtmdae) Among display postures, the wide spread distribu 
tion of Che head fonsard threat among passerines probably indi 
cates that it is primitive and not the result of convergence, but 
since mterspeafic disputes over food, roosting sites and so forth 
often arise there may ha\e been selection against divergence 
Further, since there are selective forces governing the precise ivay 
in which intention movements and displacement activities are 
elaborated into displays some degree of convergence in the 
broader features of the displays of unrelated species is to be ex 
pccted Among vocal utterances Marler (1955) has shoim that 
the Similarities among the flying predator alarm calls of many 
passerines are probably due to convergence toward a pattern 
which IS difficult for a hawk to locate Marler also gives an im 
portant discussion of many of the selective factors affecting animal 
calls ° 

Convergence m color pattems is of course common in predomi 
nanily cryptic species Occasionally unrelated species show some 
egree of con^crgencc toward conspicuous pattems which are pre 
sumably particularly effective in display, eg the great tit, Java 
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sparrow {Padda oryzivora), and whue<heeked bulbul {Pycnonotus 
leucogenys) 

The Use of Characters of Behavior 
IN Systematics 

In spite of their ephemeral nature, characters of behavior have 
been used successfully in studies of the systemacics of a number 
of groups The problems involved are parallel to those entailed in 
the use of morphological characters 

It IS of course necessary to choose characters in nhich the inter 
species differences are innate Next, the characters roust have an 
mterspecies variability suitable for the particular problem In 
general, those which have been either markedly conservative or 
divergent wuhm a group are of little use for assessing relation 
ships within that group, though characters which are conservative 
within a group may be useful for assessing the relationship of 
that group with others For instance, the various Pams species 
all nest m holes and use moss for nest construction, differing m 
these characters from the other genera frequently included in 
the Pandae these characten could thus be used to characterize 
the genus but would be useless for elucidating relationships within 
It (Hinde, 1952) Threat postures, and some courtship displays 
on the other hand are very valuable m studying relationships he 
tween closely related species or genera but are too divergent for 
determining relationships between tamihes The precise patterns 
of 'tail flicks ' made by passenne birds when moving through 
foliage and so forth have proved to be rather conservative within 
families, and can therefore provide useful evidence in assigning 
genera to families and in assessing relationships between Families 
(Andrew, 1956c) 

As with morphological characters, it is not desirable to use 
charattets n'mz'n ttanse rsp'dlv and CQUtd have h«n acquired 
independently in different groups for establishing phylogcnelic 
relationships ahen unrelated species acquire superficiall) similar 
characters, they may have different origins Houescr, it the char 
acter is analyzed sudiciently the danger of false homologizing dis 
appears It is extremely difficult to find characters ubere there is 
no danger of convergence rilrhough. as iorene claimed, the court 
ship postures of birds depend on an •inherited' contention 
among the members of the spectes and are thus espeaally useful 
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for systematic norl., even in these movements convergences are 
by no means absent There must be some reason for the elabora 
non of this intention movement other than its being a social signal, 
and the most effective type of ntualimtion will depend upon the 
context The dangers of being misled by convergent characters 
can of course be reduced by making comparisons first between 
species believed to be closely related on other grounds similanties 
then found are reasonably likely to be due to homologies 

It IS often difficult to assess the systematic significance to be at- 
tached to behavioral characteristics because functional relations 
between characters are frequently more difficult to trace than 
those between morphological ones (Hinde, 1955) For instance, 
in passerine birds, selection for territorial behavior, distinctive 
song, sexual dimorphism in color and behavior, and suppression 
of male aggressiveness in courtship may all be linked, so that a 
trend m the direction of one of them will influence the selective 
advantages of all the others 

An excellent example of the ramifying effects of selection of 
one characteristic throughout the whole a^ptive complex is given 
by the work of E Cullen on the kittiwake (Htssa tndactyla), we 
are grateful to her for allowing us to quote her unpublished work 
Kittiwakes are the only gulls that select sleep cliffs for breeding 
This enables them to nest out of reach of both mammalian and 
avian predators The following characteristics of the kittiwake 
are undoubtedly connected with this (1) They are extremely 
lame while on the ledges, as showm by their very short fleeing 
distance and the high threshold of the alarm call (2) They do 
not attack predators as other gulls do (5) They defecate just 
over the nm of the nest (other gulls walk or fly several yards 
from the nest), and as a result the nest, though not itself 
fouled is extremel) conspicuous, the whole nm being white 
(4) Neither the eggs nor the chicks are camouflaged (5) The egg 
shells are not carried off after hatching, and their v^hite inner sur 
face contributes still more to making the nest conspicuous (6) The 
clucks do not run vshen alarmed, and are thus protected from 
falling over the cliff (7) RcgurgiUted food is not dropped on 
the ground (nest), so that fouling of the nest is avoided (Unlike 
other gulls, which leave the nest soon after hatching >oung kitii 
wakes stay on the nest until fledging ) (8) Prior to building the 
nest Itself, kmiwakes construct a mud platform which broadens 
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and flattens the narrow and often slanting subtrate. This involves 
collecting of mud and ttampling it down by "foot paddling" 
(9) In a contest over food the young bend the head away from 
the attacher, instead of either fighting back or fleeing as other 
gulls do; this head bending stops the attack. The gesture also ex- 
poses the black neckband. Neither the movement nor the band is 
found in chicks of other gulb. 

Many of the difficulties involved in the use of behavioral char- 
acien in sysieraaiics can be avoided by a broad approach: the 
importance of a knowledge of the natural history of the animal 
and of the causation and function of the behavior cannot be over* 
emphasised. 

Conclusion 

IVe see, then, that the comparative study of behavior can yield 
the same type of results as comparative anatomy — a tentative de- 
scription of the course evolution has taken Furthermore, in both 
cases the method depends basically on the establishment of 
homologies, that is the grouping together of elements having a 
common evolutionary origin. The fertility of the comparative 
method is, however, enormously enhanced when it is coupled 
with studies of function and causation. These enable us to dis 
tinguish between homology and convergence, give us insight into 
the origin and later adaptation of “derived” movements, and 
permit a more accurate description of the true innate differences 
between species. 

All this work, tentative though it may be, provides the neces- 
sary basis for an attack on the ultimate problem of the dynamics 
of behavior evolution. Comparative study itself cannot contribute 
directly to the solution of this problem, but as a phase of research 
it is indispensable; it alone can supply us with a formulation of 
the problems to be solved. 
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The Evolution of Learning 
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I 

There must be few problems that are more difficult of solu 
tion than the problem of the evolution of learning One difficulty 
lies m the fact that learning leaves no fossils or remains until we 
have the scattered indirect archeological evidences associated svjth 
the rise of man Fortunately, however, there still exist repre 
sentatives of most of the major adaptive types— phyla and classes 
—providing us svith a wide range of animals that may be sub* 
jected to psychological test 

Another difficulty lies m existing limitations to a precise classi 
hcation of the various forms of learning and learning problems 
into levels of difficulty Although considerable progress has re 
cently been made along these lines, the puzzle is far from solved 
and no one has even attempted to scale the various learning prob 
lems or classes of problems in steps of equal difficulty Further 
more, it is hazardous to compare learning ability among animals 
independently of their sensory and motor capacities and hmita 
tions Diversity in receptor-effector mechanisms frequently renders 
exact comparisons of learning between species and genera ques 
tionable and poses major problems svhen ive attempt compan 
sons among orders, classes, and phyla 
The existing psychological biological data make it quite clear 
that evolution has resulted in the development of animals of pro- 
gressively greater potentialities for learning and for solving prob- 
lems of increasing complexity No one would question that the 
problem solving abilities of man exceed those of the amoeba, even 
though differences in receptor effector mechanisms preclude the 
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S ILung rfp.esentat.ves oE selected orders, ctes^, and phyh^ 
Among the sea-dwelling animals, the scanty coelen 

existent suggest that the primitive Metazoa, such as some 
terates (Fleure and Walton, .907) and ech.noderms (Ma.« 
Schneirla, .935). may have attained an ability to profit from ex 
penence that exceeded any capabilities developed in the Protozo 
such as the amoeba (Mast and Pusch, 1924) and paramecium 
(French, 1940 Gelber, 1952) Such evidence as we have on th 
flatworm (Hovey, 1929) suggests that it stands out as an m 
lectual giant compared with the most recondite of the Coelenteraia 
(Fleure and Walton. 1907), even though we run the risk that we 
are lookmg at intellectual evolution from a worms e>e view 
Representauves oi the class Oligochaeta oE the phylum Annelida 
(Robinson, 1953. Yerkes, 1912) apparently greatly extended their 
mental horizons, but the scanty evidence available suggests that 
they did not attain the level oE rationality which we must accord 
one o£ the Cephalopoda, the oaopus (Boycott and Young, 1950* 
Schiller, 1949) The learned performances of some oE the teleost 
fishes (Reeves, 1919) probably surpass those oE any other nonmam 
roalian manne organism, and it is regrettable that no member of 
the c lass Chondnehthyes or the superorder Chondrosiei has been 
subjected to intensive psychological lest Mans interest in the 
shark has not yet extended to ns behavior under higher cerebral 
control, and the psychology of the sturgeon remains a virgin area 


for investigation 

The adsent o£ land animals did not result in any sudden su 
penonty o£ learning capabilities of land over sea vertebrates in 
soEar as can be demonstrated by testing existing representatives 
of cither the Amphibia or the Rcpliha It is doubtful i£ any am 
phibian or reptile has demonstrated more complex learning than 
that exhibited by many teleost fish This, oE course, does not mean 
that icprcseniatives o£ these two classes did not show adaptive 
csolutionary changes from those of their fish ancestors, probably 
the Crossoptcrygii It merely implies that there is no conclusive 
evidence of differential rate in ^e evolutionary development of 
learning bctVNcen the land and the sea vertebrates for the 200 
million years extending from the early Devonian to the end of 
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the Cretaceous periods Some skepticism, hm%e%er, may be at 
tached to this position in \iew of the greater development oE the 
cerebral structures m some of the reptiles and the evidence for 
the beginning of the formation of the cerebral cortex It is pos 
sible that our behavior tests on the turtle have never done justice 
to It, and that a latent imagination has been obscured by an 
introverted personality 

It would be an error, of course, to assume that the evolution 
of intelligence was dormant or delayed from the Cambrian to the 
Devonian period During this interval of 200 million years evolu 
tion may have progressed from the Echinodermata, which must 
surely be able to learn even though they have resisted the attempts 
of biologists and psychologists to demonstrate clear-cut learning 
(Maier and Schneirla, 1935), to some sharkhke form which prob- 
ably learned some simple problems with ease Within another lOo 
million years the goldfish and the turtle evolved, and with them 
came capability of learning a reasonable range of problems Dur 
ing the next 100 miUion years the mammals and the birds may 
or may not have been making progress in the evolution of learning 
ability, but progress is by no means unlikely in view of the clear 
cut advances that were to be made m ihe next, and last 75 mil 
lion years It is important to bear in mind that we ha\e no way to 
scale in anything approaching equal step intervals the difliciiliy 
of various classes of problems, and until this can be achieved on 
some basis other than intuition and anthropocentrism ne cannot 
judge whether or not the evolution of learning capability has in 
creased or decreased in rate in any loo-million year block of time, 
including the last Whether or not the evolution of learning has 
increased more rapidly in the last lOo million years than in the 
lOO-million year blocks preceding, the evolution has been of a 
nature that greatly simplifies the psychologists' problems of testing 
and evaluation 

It IS interesting to look at the etolutton of learning from the 
anatomical point of view Wc make the assumption that learning 
IS pnmarily a function of the ncAOUs system, or at least that com 
plcxity of learning is intimately related to the developing rotnplex 
ity of the nervous system If wc were to examine learning using 
the same kind of evidence that ivc use for assessing locomotion in 
the evolution of the horse-the anatomical rccord-v^c would ^ 
struck by a number of facts Bctivcen the Protozoa and the 
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Coelenterata there must be a vast ctolutionaiy gulf, for the mem 
bers of the one phylum possess no nerse cells whereas the mem 
bersoE the other do Between the Coelenterata and Platyhelminthes 
there must be another separation, but one o£ lesser magnitude 
In both kinds of organisms the mechanisms associated with co- 
ordination and adjustment is neural, but in the flatworm we 
find a new kind of organized structure, the cephalic ganglion, and 
this particular structure and its elaborations are going to char 
actenze all higher nervous systems from here through man Be 
tween the flatworm and the dogfish there is also a gulf, but a lesser 
one than either of the two previous separations, m this instance 
we have more neurons and some relatively small changes in tlieir 
physical elaborations m the forebrain, suggesting an increasing 
differentiation of their single, basic function From dogfish to 
man the separation u very slight the number of neurons has 
increased, and the process of structural differentiation has con 
tinned From monkey to man there is essentially no difference 
other than a very slight tendency to continue the evolutionary 
trends previously noted 

The very striking fact is that the anatomical record of evolution 
of the nervous system, including the brain and cerebral cortex, 
IS a continuous and highly orderly process, and there is no evT 
dence that the developmental rate ever suddenly increased cer 
tainly not in the last million years, nor m the last 20 million 
years, the last 200 million years, or from the beginning of life 
The behavioral point of view appears to differ from the anatomi 
cal, at least from the human standpoint Because I have vast re 
sped for anatomy, it is my prejudice that the anatomical point 
of view IS correct, and that, as we become more and more sophisti 
cated concerning the relative difficulty of kinds of learning prob 
lems, the learning data relating to evolution will come into ac 
cord VMth those of the anatomy of the development of the nervous 
system 

Remaining for the time being in the land of speculation, I 
would like to hazard certain guesses as to hoiv learning evolved 
It IS my understanding that evolution operates through the selec 
lion of different genotypes which differ in their ability to produce 
adaptue responses to particular environments and to environ 
mental changes and that the dynamic forces which produce 
change in gene frequency are mutation, selection, migration, and 
genetic dnft. 
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One may seriously ask. What is it about learning or improved 
learning that confen upon oigamsms some slight advantage uhich 
has made possible the selective changes m natural populations 
that hat e led to the evolution of the remarkable learning capabih 
ties that characterize the order of primates? Because tve look at 
the t\ orld from a Homo sapiocentric point of t letv, tve may attach 
such importance to learning that tve accept as an axiom that 
learning, all learning, is good and should therefore have survival 
value Furthermore, tve can all cite many examples in which it 
tvould appear self evident that learning has survival value for the 
organism The ability of the sea anemone gradually to differentiate 
between food and nonfood could confer upon it a slight survival 
adt'antage oter some other organism of less brilliant intellectual 
endowments The capacity to form conditioned escape responses 
from noxious and dangerous stimuli tvould appear to have obvious 
utility even if. by virtue of the slowness of learning, 99 per cent 
of the organisms perished before the conditioned response was 
established The acquired gift of manufacturing weapons is an 
obvious selective biological gam and appears 10 have greatly aided 
a particular species in survival — at least so far 

I have long been puzzled by the fact that the study of animals 
under laboratory conditions reveals many learning capabilities 
whose existence is hard to understand m terms of survival value 
In the first conference the presentation of the problem to this 
group engendered considerably more heat than light As an exam 
pie, the eartliworm can leam a spatial maze, 1 e it can learn 
eventually to turn right for the reward of a bed of succulent mud 
and not turn left because of the threat of shock or sandpaper 
Under the most idealued laboratory conditions the earthworm 
solves this task in a faltering and ephemeral way in a few hundred 
trials (Robinson, 1955 Yerkes, 1912) For more primitive or 
ganisms this is a learning landmark, but even so it is hard to see 
how this feat of learning Icgerdcnjawi aided the earthworm or 
any other animal so endowed, to survive at the expense of less 
gifted associates 

It might be argued that the earthworm s learning in nature 
IS more efficient than in the laboratory, or that its limited learning 
IS peculiarly adapted to its natural environment and for this reason 
provides some evolutionary gam But this is pure speculation 
and there are not even the hopelessly inadequate data which natu 
mhsts so commonly and gladly provide to give factual support to 
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any such position. The best, not the ts-otst. annelidan learning 

has been observed by scientists. monhev or 

I was puzzled for many years as to how the rhesm in ^ 

chimpanL developed the capability of 

multiDle-sign or conditional problems, including oddity, match 
ing. Weigl-^pe matching, or the categorization of kinds of sura 
inf; claves of forms, colors, or-witliin l.mits-number (HicU, 
,956; Weinstein, 1955)- The observational accounts 
mals make it quite clear that problems of this Imel of co p T 
are never solved, indeed, they are never met. in the natural en- 
vironment. It is superficially difficult to see how a trait "I”* 
never used gave to an organism some slight selective advantag 
over another organism which did not use the trait bcause it i 
not have it. Yet such capabilities must have existed in the pre- 
human primate Cor some millions of years before the organism 
developed to the point at which it could put these traits to c * 
fective use and convey a clear selective advantage to man. 

It can again be argued that those learning capacities essential 
for complex color categorhation by monkeys and apes are used 
by the same animals in the wild in some manner to provide selec- 
tive advantage. IE this is true, it is something which has eluded, 
or not been reported or recognized by, the well-trained psycholo- 
gists and biologists who have gazed patiently at the unending ifl' 
genuousness of the social life of monkeys and apes and their 
adaptations to nature (Bingham, 1932; CarpcDtcr, 1934, 1942 ^» 
1942b; Nissen, 1931). 

Since we must accept as fact that evolution is orderly and re- 
sults from the selection of gradual changes in the gene popula- 
tion, and since an explanation in terms of autogenesis is untena- 
ble, it is interesting to speculate how receptive and neural 
mechanisms underlying learning might have developed and pro- 
vided selective gain during the process of evolution. It is obvious 
that the explanation sve desire is in terms of orthoselection, and 
any reasonable explanation of the remarkably orderly and pro- 
longed evolutionary development of learning in whole or in part 
in terms of allometry should be given full consideration. 

That there is an intimate relation between the development 
of the receptors and the development of the central nervous 
system may be taken as fact. Indeed, if Parker is correct, the nerve 
fiber and neuron may have evolved from the primitive receptor 
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cell. The developmental status of the various receptor systems in 
animals clearly puts a limit upon all animals’ learning capabilities, 
and it is a safe generalization that, from the phyletic point of 
view, learning potentialities ahvays lag behind receptor potentiali- 
ties. Thus, there may be fish, and there are likely reptiles, and 
there are certainly many birds and mammals that have the receptor 
potentialities to convey all environmental information essential 
for human-type thought. Yet this particular learning capacity, 
doubtless like countless other learning capacities, lagged far be- 
hind the receptor system's resolving power. 

From the point of view of natural selection it is difficult to 
think of any kind of receptor development svhich svould not re- 
sult in some selective gain so long as the animal's environment 
provides an adequate stimulus. Any receptor development, in and 
of its very nature, demands the development of increasingly com- 
plex neuronal systems svithin the central nervous system and even 
within the receptor itself. As long as increasingly complex re- 
ceptor systems provide the organism with slight survival ad- 
vantages, one can be assured that increasingly complex ners’ous 
systems will develop; and as long as increasingly complex nervous 
systems develop, the organism will be endowed with greater po- 
tentialities which lead inevitably to learning. 

From the behavioral point of viesv the evolution from reception 
to learning appean inevitable. Reception is progressively aided 
by the development of mechanisms of sensory search, fixation, and 
attention. To be efficient, reception involves both differentiation 
and generalization. Generalization merges into transposition and 
transfer, and at this point any sharp separation of unlearned and 
learned functions ceases. The development of a maximally ef- 
fective receptor system leads to the formation of mechanisms and 
processes basic to learning or involving learning which directly 
improve the efficiency of operation of the receptor processes. They 
are the kinds of mechanisms and trails that should arise from 
multiple mutations, each mutation providing a slight increment 
of evolutionary gain. 

Perhaps the most amazing example of convergent development 
is the evolution of color vision, which has been found in some 
fishes (Tcleostei), some insects, some birds, and^ most primato. 

As far as we know, primates are the only terrestrial animals wth 
color vision. In spite of the diversity of forms in which it has 
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evolved, color vision is remarkably similar in all. If one ploti 
a curs e showing difference thresholds as a function of w'avc length, 
t le curses for pigeon and man arc almost stipcrimposablc. There 
are no data to suggest that the color vision of man and fish diflen 
m any radical way; and the greatest deviant, the bee, differs pn* 
^ I" ultraviolet. It is pualin?. 

a oug of course no evolutionary problem, that the primates 
re t e only mammals with hue discrimination. Even 
puzzling IS the problem of the cat. Granit {1955) has shmm that 
1 ^ ^ structures and functions always associated 

ith color vision, and Lennox (1956) lias demonstrated that the 
S'niculate body tlie stnictures alu-ap as- 
">6 cat is toully color blind. 

animals a,!!i'"“ *" radically different forms ol 

th™So^?„ "f forms of eyes must illustrate 

napabilin, aUe«t° *'’ghr modification in recepu'« 

must have evni a "*i visual reception. Color vision 

pnTcipIe of or l"* =>"■> hn'e opem.ed svithin the 

primafe dftaTar '“"‘X nvidence from 

sponse by lemurs consisted of differential r^ 

region of thTsnir hmuToid forms) in the blue 

ir a matter of ^SwUhLr^ * 

monkey to anthrono'd ^ 6° from caiarrhine 

'vave portion of ability to see in the long- 

1939 . 1940). IndeoH pr’ogressively improves (Grether, 

ability and hue spider monkey, learning 

he almost as hiehlv cor^"i^ 'rithin the primate order svouM 
of cortical structure ^ ^ learning ability and complexity 

toea (von Frfsdi! 'lQ^T^ °f (Reeves, i9i9),honey- 
nnd primates rhowsVrarfv' Co'eraan, igSS)’ 

not of necessity imnlv •» ^ evolution of color vbion does 

nqunl '-nl of learning capability, 
color vision and leamin? between evolution of 

J^ls cannot be resolved in 'rithin a particular class of ani- 
. ^ been demonstrated in extant data. Color vision 

in any other superorder of ^*hes but has not been tested 
color vision, the bees hav,. insects knosvn to have 

complex behavior patterns ».», shosvn to possess startlingly 
^ or not th«e are subject to 
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earned modifjcaiions. Recent studies have shou-n that the pigeon 
n: jas a wider range of behavioral capadties (Ginsfaurg, 1957: Reeves, 
—1919) had previously been believed, and it is more than pos- 
^aible that the pigeon and other birds are more capable of solving 
..moderately difTicult learning problems than many mammals. 
,)FinalIy, the primates as an order are preeminent over all other 
^ mammals both in lenns of their visual capabilities and their 
, capacity for learning. 

. The assumption tJiat the et'olution of learning svas dependent 
in large part upon the evolution of receptors in no svay precludes 
the likelihood that increased learning capability frequently oper- 
ated as a selective factor during evolutionary development. There 
are, however, reasons to believe that other factors of great, and 
perhaps predominant, importance were involved. The process 
that began to separate the primate order from the other mam- 
malian orders was not an increased learning capacity but the 
development of the visual mechanisms, which apparently arose 
as the preprimate ancestral forms adapted to an arboreal life, an 
adaptation which would provide considerable environmental 
isolation. It is a striking fact that (he brain of the primitive mouse 
lemur, Microcebus, shows the tripartite calcarine fissure and a 
lateral geniculate body with six dbtinct layers (Clark, 1934). From 
our scanty knosvledge of more advanced lemurs sve may presume 
that Aficrocebw would show no unusual learning capacities, but 
the matter remains to be decided by direct test. The brain of 
Tarsius also shows striking development of the visual mechanisms, 
which, observational evidence suggests, arose independently of 
any striking gain in learning capacity. Thus, our information 
about primitive forms favors the view that the remarkably ad- 
vanced visual system of the primates antedated their pre-eminent 
learning capacities. It is ceruin that man’s primitive ancestors 
ihoired no less clriy complex development within the visual 
system, and it is ccruinly not cliance that such a receptive system 
was antecedent to the development of the human visual cortex. 


According to preseniday iheoiy, evolution takes place by 
tatural selection among multiple mutations, each of which pro- 
luces some small organismic change. Such a positron appears to 
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he at tanance with the evolution o£ learning i£ we think o£ learn 
ing rte^ o£ our everyday terminology. £or the language o£ 
Iramine implies the appearance o£ rather radical changes in capa 
bihties The Pbtonic specter o£ the national “g 

with the implication that there is some broad guU “Pirating 
human and subhuman learning or at the very least that some set 
o£ cumulative changes arose with startling rapidity as man ai 
verged from other higher pnmate forms 

IE ^ve are to explain learning in terms of modem evolutionary 
theory, there should be continuity from the simplest to the most 
complex forms of learning The appearance of a radically new 
kind of learning at any evolutionary point or period, including 
that during which man developed, is not in keeping with mod 
em gene theory Yet we find such an eminent authonty as 
Dobzhansky wnting Man is not simply a very clever ape, but a 
possessor of mental abilities which occur in other animals on y 
in most rudimentary forms, if at all ' (Dobzhansky, 1955* P 33 ) 
Dobzhansky falls mto the common error of assuming that the 
particular human traits of language and culture imply the exist 
ence of some vast intellectual gap between man and other animals 
The probability that a rebtively small intellectual gam by man 
over the anthropoid apes would make possible the development 
of symbolic language and also culture is given small considcra 
tion It 15 a common error to fail to differentiate between capabil 
ity and achiei ement Thus, the fledgling sw'allow a few da^’s before 


It can fly differs little in anatomical and physiological capacity 
from the swallow capable of sustained flight, but from the point 
of view of achie\cmcni the two are separated by what appears to 
be an abysmal gulf 

By comparing selected traits about which we are ignorant, 
rather than those about which we are informed one can argue 
for great intellectual differences betw'ccn ape and man We ha>e 
little knowledge concerning the ‘ aphasia characterizing monkey 
and ape, but such little knowledge as we have suggests that the 
anthropoid apes language inadequacies basically result from the 
failure to possess certain unlearned responses (Hayes, 1951) 
degree to which it is additionally dependent upon intellectual dif 
fcrcnccs is unknown The failure of chimpanzees to develop cul 
lure may ha>e resulted from some small but cntical defiacncy in 
inicllectual ability or in $f>Kia 1 ized unlearned responses such as 
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those underlying tool constmcuon or nonemotional vocal evoca 
tion Other nonmtellectual Actors preventing cultural deselop- 
ment may be the lack of social groups of an essential critical sue, or 
limitations imposed by the physical environment Knomng noth 
ing about tliese factors permits unlimited speculation on the part of 
tJie scientist svearied by the research routines required by his field 
of specialization 

In contrast svith these areas of ignorance there has gradually 
del eloped during the last quarter of a century a rich expenmental 
literature comparing intellectual performances among many 
species within the primate order No one suggests that more than 
a beginning has been made, but such data as are extant question 
the assumption that there is a wide intellectual separation between 
the human and the subhuman primates The explanation and 
ordering of these data may be done best in terms of a simple clas 
sificatory schema 

Many learning problems can be classified effectively m terms of 
the complexity of the factors whicli interfere with successful prob 
lem solution A well studied learning task of moderate difficulty 
is the object or cue discrimination illustrated in Figure 13 1 Two 
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TRIAL 2 


f,g j KepmcnCatiTC obj«ct dlscrlmlniUon tnab 


stimuli, such as a mangle and a arcle, are placed over the mo 
food rvells of a test tray One stimulus, the mangle, is consistently 
reivardca- as indiciteiJ if i'ae eivctoerf +. ^)thi»igh jt rs on the 
right side of the tray on trial i and on the left side on trial 2 The 
position of the mangle vanes m an irregular but balanced manner 
during the learning trials , , , . , 

Now It IS obvious that on a single correct trial both the 
and the position it occupies are simultaneously rewarded, and be 
cause a particular position as well as a particular object are re 
svarded, the nature of the reivard is ambiguous rather than differ 
ential Dunng the many trials however, the triangle is rewarded on 
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the object and the position regarded This ^ ^ 

ptoblern can be solved bj a tilde range ot animals includig m 
mice, rats, pigeons, cats, and dogs, as tiell as monkeys, apes, and 

^ The oddity problem involves a single additional condition oE 
ambiguity, and the problem is illustrated in Figure 13 2 Three 
stimuli, either tito circles and a mangle, or ttto triangles and a 
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circle, arc placed o\er the three food wells of a test tray The odd, 
or singly represented object is correct, and the other two objects 
are mcorrcct regardless of the position they occupy and regardless 
of the correctness or incorrectness of any object on any previous 
trial Tims as is illustrated the triangle may be correct on trial i 
and the circle on trial 2 Now it is obvious that on any particular 
trial both the position rewarded and the object rewarded are am 
biguous Tims there are two ambiguous factors in contrast with 
the single ambiguous condition found in the object discrimination 
problem It is hard to believe that solution of a problem invoUmg 
the addition of a single error factor requires some new mental 
ability From the standpoint of achievement, however, a sudden 
separation has appeared between various orders No pigeon, rat, 
cat, or dog has solved the illustrated oddity problem, even though 
pigeons (Ginsburg 1957) rats (Wodinsky and Biiterman, i 95 S)' 
and cats (Warren, personal communication) are reported to have 
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solved simplified versions of this problem or problems of gener 
ally similar type Purihermore ^\earcno^^ dealing mch a task that 
IS beyond the intellectual capaaty of the young child although 
data defining the minimal human chronological age level for 
oddity problem solution are lacking 
A third condition of ambiguity is added in the combined odd 
ity nonoddity problem The stimuli are the same as those used 
in the oddity problem, but the odd or the nonodd object is correct 
depending upon the color of the test tray A green test tray may 
indicate that the odd object is correct an orange test tray that the 
nonodd objects are correct On any particular trial there are three 
facton svhich are ambiguously tewarded—position (right or left) 
object (triangle or circle) and configuration (oddity or nonoddity) 
Again, the introduction of an additional condition of ambiguous 
reward has greatly increased problem difficulty No subprimate 
animal has as yet been reported to approach solution of this prob 
km svhich can be mastered by monkeys and apes without undue 
difficulty Problems of this type can be recognized as components 
of human mental tests Although there are no dermmve data on 
the chronological age at which these tnple ambiguity problems can 
be solved by tiie child it is certain tliat a vast number of human 
beings including adults cannot master problems of this class of 
difficulty 

Even more complicated problems can howc\er, be solved by 
monkeys (Spaet and Harlow, 1943 Young and Harlow 1943) and 
apes (Nissen ei al , 1948) One chimpanzee solved tasks mvohmg 
fiveconditionsofreuardambiguity (Nisscn, 1951b) and the color 
categorizing performance attained by one rhesus subject (Wein 
stem, 1955) was disanningly humanoid Effective reviews of the 
performances by monkeys on complex learning tasks arc available 
m the psychological literature (Harlow. 1951a 19516 Nissen 
ip^ib) 

The particular kinds of problems chosen and ilic classification 
selected were not capricious Problems of the kinds described have 
been used to measure human conceptual abilities (Goldstein and 
Scheerer. 1941 Roberts 1933) and to differenuaie normal and 
brain injured patients (Weigl 1941) We have not taken a par 
ticular type of test peculiarly adapted to the monkey and used it 
to lest man we have taken a particular type of test peculiarly 
adapted to man and used it to test monkeys and apes If there is 
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any improper comparison m the use o£ the described tests, it must 
be unfair to the subhuman, not the human, animal Be this as it 
may. the tests dearly demonstrate that defining man as a pos- 
sessor oE mental abilities which occur in other animals only in 
most rudimentary forms, if at all (Dobzhanshy. 1955). must o 
necessity disenfranchise many millions of United States atizens 
from the society of Homo sapiens 

If one appraises factually and unemotionally the learning data 
of animals on problems ranging m difficulty from object discnm 
ination to effective measures of human conceptualization ca 
pabilities, one cannot help but be struck by the intellectual kin 
ship among the phyletic groups being tested There is no evidence 
of an intellectual gulf at any point, and there arc no existing data 
that nould justify the assumption that there is a greater gap be 
tiveen men and monkeys than there is between monkej'S and 
their closest km below them on the phylogenetic scale 
As learning and so-called thinking problems become more com 
plex, the number of ambiguities among the problem components 
inCTcases, and the possible number of extraneous and inappro- 
priate responses inaeases AU learning and all thinking may 
be regarded as resulting from a single fundamental operation, the 
inhibition of inappropriate responses or response tendencies Since 
such a position may seem radical, ive bnefiy review the alternative 
positions taken by modem learning theorists 
All learning theorists can be divided into two groups One 
group assumes that learning is the resultant of two opposed mech 
anisras, which arc usually described as excitatory and inhibitory 
mechanisms, the former strengthening earlier responses or re 
sponsc tendenaes and the latter weakening such responses and 
response tendencies The advocates of such a theory may be de 
senbed as duoproccss learning thconsis A converse position as 
sens that all learning is the result of a single process, cither an 
excitatory or an inhibitory process Advocates of such a position 
vvould be called uniproccss learning theonsts Hebb (1949), fo^ 
example, appears to be a uniproccss learning theorist favoring an 
excitatory process 

I have recently presented experimental and theoretical evidence 
favoring the uniproccss position (Harlow and Hicks, 1957), but 
contrary to Hebb I believe that inhibition 1$ the single process 
accounung for all learning It is presumed that this unitary in 
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hibitory process acts to suppress the inappropriate responses and 
response tendencies operating to produce error m the problems 
just described The nature of inappropriate response tendencies 
found m the object discrimination {Harlow 1950) and oddity 
problems (Moon and Harlow 1955) has been analyzed in detail 
Although I have not yet presented the position Formally I have 
belie\ed for a number of years that the development of all complex 
learning of the type described could best be explained m terms of 
uniprocess inhibition theory 

Having come to this opinion I was subsequently offered the 
opportunity of preparing this paper on the evolution of learning 
The data on learning by pnmitne organisms presented for me a 
new and intriguing problem — investigation of the possibility that 
the simplest as iscll as the most complex learning tasU might fit 
into uniprocess inhibitory learning theory that simple as uell as 
complex learning problems might be arranged into an orderly 
classification in terms of difficulty and that the capabilities of 
animals on these tasks uould correspond roughly to their assigned 
positions on the phylogenetic scale If true tlie combined data 
would present the possibility of ordering all learning phenomena 
from habituation to abstract thought within a single system m 
which all differences would be explainable m quantitatne terms 
A number of investigators have reported learning in the par 
amecium the investigation by French (ig-io) is typical of the type 
of function measured and u the best conirollcd of the studies 
French sucked paramecia into a glass tube 6 mm m internal di 
ameter and recorded the time required for the animal to svs rm from 
the lower end of (he tube into its individual culture medium Ten 
of the 20 paramecia used as subjects shoued significant decrease 
in escape latency French observed that during the first feu trials 
these animals would swim back and forth only a few times and 
then make one long dive to the bottom These data can be in 
terpreted in terms of learning to inhibit responses cstrancoiis to 
tlie culminating response of culture medium entry His data show 
clear-cut inhibition and consequent reduction of activity and guc 
no evidence for the formation of nev\ associations 

Fleure and "Walton (1907) reported learning data for the sea 
anemone which are also in accordance with a learning theory 
that sticsscs inhibition t)pe learning There capenmenicn plared 
pieces of moist filter paper at 14 hour intenals on the same groups 
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!I tentacles of several sea anemones At Brst the FP- 
to the mouth by the tentacles, but after two to 
the stimulus it was rejected by the anima s. this h^bit w^ 
tor SIX to ten days tor the specific set of tentacles 
nonstimulated tentacles accepted the filter paper . 

trained tentacles rejected it The only learning that =>ppea« t° 
taken place here is inhibmon of the original ^ 

filter paper The persistence of the inhibition in a relatively simple 


organism is striking Tn<»nts 

One oE the most comprehensive and best controlled expen 
on learning in a lower form is the study by Hovey (1929) 
manne flatworm, genus Leploplana Hovey produced con 
inhibition of the photokmetic response m 17 fiatworms by exp 
ing the individual subjects to light for a senes of 5 minute perio 
and inhibiting progression by tactual stimulation of the anterior 
tip of the worm whenever the animal began to creep in response 
to light stimulation The mean number of tactile stimulations 
required to inhibit movement steadily declined from 110 on tna 
1 to 5 on trial 25 and even though none of the animals develope 
perfect inhibition of the photokmetic response, some subjects 
were completely nonresponsive during individual 5 minute test 
sessions Control groups of subjects ruled out the possibility that 
the results could be explained in terms of fatigue, light adaptation, 


or injury to the snout 

It IS perhaps no accident that the first kind of conditioned re 
sponse to be described m a primitive animal is a conditioned 
inhibition of an innate, so called tropistic response The learning 
consists in learning to inhibit this response tendency 

Robinson (1953) measured the learning by earthworms, Lum 
bricus terrestris, of a single unit T maze, a spatial discrimination 
problem Robinson s study is selected for presentation because, 
though the design and results are similar, it was conducted at a level 
of technical elegance surpassing the pioneering investigation by 
Yerkes or the subsequent studies of Schwartz or Heck He re 
corded lime and errors and traced records of the earthworms be 
bavior By preliminary tests Robinson determined the preferred 
maze arm for each worm, and learning was measured in terms of 
reduction m frequcnc> of entrances into the preferred arm Partial 
entrance into this arm resulted in contact with an electrode and 


consequent electric shock choice of tlie correct arm led to entry 
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into a goal box uhich uas also the subjects h\ing box Robinsons 
data make it quite clear that the carthisorra did not develop any 
new association betv^tcen turning into the inconect allej and shock 
Instead the shock resulted in agitated and excess movements and 
persistent negativ e reactions to the stimuli on both the correct and 
incorrect sides oE the junction These negative reactions were 
gradually reduced—or as we would say inhibited— but tlie neg 
ative rerctions even to the stimuh on the correct side of the junc 
lion vvere never entirely climmaied Robinson s results arc stnk 
ingly similar to those presented by Hovey despite marked dif 
ferences in the test situations There is no sudden emergence of 
any new association there is only the gradual elimination or in 
hibition of the extnneoiis responses 
Discrimination learning has been reported by Dojcoit and 
Young in the octopus (1950) A enb loncred into one end of a 
tank served as the positive stimulus and a crab attached to an 
electrified white plate was used as a negative stimulus Within 
25 trials the octopus came to inhibit response to the negative 
stimulus in about 85 per cent of the trials whereas the only change 
to the positive stimulus w-as some slight tnlubition but m no case 
enough to prevent contact Again there is no evidence that learn 
ing resulted in the strengthening of any resjjonse Indeed the 
converse happened the mapproprnic resjiomc was almost com 
plctely inhibited and even the appropriate response was partially 
inhibited 

If one surveys the literature on subvertebrate learning a single 
fact stands out in a very unequivocal manner Learning all Iram 
mg which has been adequately described and mcisural apjiears 
to be the learned inhibition of responses and response tendencies 
which block the animal or fail to lead « to some terminal response 
such as eating or escape from noxious stimulation FunhermOTC 
It should be remembered that many of these lotser animali have 
rcasombl) w elides eloped synaptic ivpc nervous systems and 
there is no reason from an anatomical point of view to susjjeci that 
the nature of learning is going to be altered m any subtle fiinda 
mental manner as we progress to higher forms Tlic law of pir 
simony requires at the very feast that v>c seek as simple a funda 
mental explamtion of vertebrate learning— including human 
learning — as is consonant w ith fact 
The concept of a kind of learning simpler than that o conui 
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tioning has been held by other de- 

Thorpe (1943) and Schneirla (1934)- Schneirla, JLitv to 

;erib« ■babltuation learning," def.ned ^ learned “ 

a new sitnation through generalired "d)ustmen« rnvolvtng ■ 
hibition of initial avoidance or shock reactions Thjs 
differentiated from sensory adaptation. It should be kep 
that the possibility definitely exists that no fundamental distin 
tion can be made between sensory adaptation and lea™‘"S; ' 
ever reach a level where these processes can be described in 


chemical terms. . 

Ignoring, however, the relationship between sensory adapta 
and learning, I wish to take the position here that there exis« no 
fundamental difference, other than complexity, between the km 
of learning listed as habituation learning and the kinds listed as 
conditioned response learning — and, for that matter, the kinds o 
learning described as reasoning and thinking. 

I hold this position in spite of the fact that the Pavlovian-type 
conditioned response has been uken by many as the paradigm for 
all learning, with the assumption that a conditioned response m* 
volves the formation of some nctv association. This new connec* 
tion is formed between the conditioned stimulus (CS) and the un* 
conditioned stimulus (US) or between the CS and the UR (uncon- 
ditioned response), depending upon the psychological leammg 
school in which you happen to hold club membership. If a CS of 
light or sound is presented to an animal, followed by US of shock to 
the leg, the animal will — under certain circumstances — learn to 
flex the leg to the light or sound. Conditioned response formation 
is characteristically described as if a new connection had been 
formed. It is, hosvever, obvious that the animal already possessed 
the potential capacity to flex the leg to either the light or sound. 
There is practically no cxtcinal stimulus of moderate intensity 
that does not have the capability of evoking any and all the pos- 
tural responses of the body, and this position receives strong sup- 
port if one considers the ontogenetic development data. Both visual 
and auditory stimuli of low intensity can under favorable con- 
ditions, ev'en in the adult, elicit exploratory patterns involving all 
or any part of the body musculature. From this point of vierv we 
may give serious consideration to the fact that conditioning does 
not produce new stimulus-response connections but that it operates 
instead to restrict, specify, and channelize stimulus-response p€>* 
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tentialuies already possessed by the oiganism It is entirely possible 
that a specific visual conditioned stimulus comes to elicit a specific 
leg flexion response because the presentation of the CS and US in 
a specific temporal pattern produced inhibition of response to ex 
traneous and distracting external stimuli and inhibition of the 
other postural responses which the CS svas already capable of elicit 
mg 

The description of the learning of the spatial discnmination 
problem in terms of a uniprocess inhibition theory presents no 
challenge A typical spatial discrimination problem involves learn* 
mg by the animal to choose the right or the left alley of a single 
unit T mare The common procedure is to give the subject ex 
perience on a straightairay unit with food at the end, until the 
response of running until food is received is thoroughly estab- 
lished When the animal is transferred to the spatial discrimma 
tion problem, this task is automaticaHy learned if the animal in 
hibits any response tendencies to run doivn the unreivarded alley 
and inhibits tendencies to be distracted by extraneous external 
and internal stimuli 

From spatial discrimination we pass next to nonspatial ducrim 
ination learning, also known as object or cue discrimination leam 
mg This kind of learning has been exhaustively tested in the rat 
with the Lashley jumping box and m the monkey with the Kluver 
type test tray The animal must leam to choose one object, ivhich 
IS consistently reivarded, and not to choose the second object, which 
IS never rewarded The reader will recognize this as the problem 
with which we began m the classification of problems m terms of 
complexity of factors interfering sviih learning 

Such evidence as exists suggests that the learning of the object 
discnmination problem may well be explained in terms of in 
hibition of extraneous and inappropriate responses Detailed 
analysis of this problem enabled us to identify four reaction tend 
enaes producing errors (Harlow, i95t>)» ®tid as these reaction 
tendencies are inhibited, the percentage of correct responses in 
creases progressively until it approaches joo 

We have been able to carry our analyses of the factors svhich 
produce errors to a problem of still greater complexity, the oddity 
learning problem, and we can sec no fundamenul theoretical 
difference betsveen oddity learning and discnmination learning 
other than the addition of one or possibly two new error facton 
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(Moon and Hario«. :955). The dau 

ing here consists o£ anything other than the ° 

tendencies trhich interfere with the 

to reward. We are convinced that tve an carry these J 

further, and we would be very much surprised tf ‘here « ^ V 

fundamental difference in the learning of the oddity 

the learning of differential equations— other than that ot 

*' Learning by amoeba and learning by man appear superficially to 
be such basically separable processes that 1 initially avoided dire 
comparison. I first chose to select classes of problems illustrating 
similarities and differences in the abilities of primates and ot 
animal forms known to be gifted in terms of their learning a 
ides. Then I described the learning abilities of animals, incm^g 
primitive animals, on the simplest known learning problems. e 
fundamental similarity between these problems and problems o 
greater complexity was demonstrated, until wc reached the cl^ 
of problems initially presented in this part of the paper. In spite 
of the fragmentary nature of research in the evolution of leamingt 
it became obvious that position of an animal in the phyletic scale 
is related to complexity of problems it is able to solve, and it may 
be stated that complexity of most of the described problems had 
been independently defined both on logical ground and on the 
basis of ontogenetic development in the higher animals. 

The existing scientific data indicate a greater degree of intellec- 
tual communality among the primates, and probably a greater 
communality among all animals, than has been commonly recog- 
nized. Tliere is no scientific evidence of a break in learning ca- 


pabilities between primate and nonprimate forms. Emergence from 
the ocean to the land produced no sudden expansion of learning 
ability. Indeed, there b no evidence that any sharp break ever ap- 
peared in the evolutionary development of the learning process. 

That thb b probably true should surprise no one. Indeed, the 
fundamental unity of learning and the continuity of its developing 
complexity throughout phylogcnesb, or at the least within the 
development of many major branches of the evolutionary tree, 
would seem to be in keeping with modem genetic theory. 
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Soaal Behavior 


William R. Thompson 


\*estEtAN astretuTY 


Jn this paper I shall attempt to analyze social behavior and to 
examine its relation to evolution, considering it from two points 
of \dew: the effect that evolution has had on social behavior and 
the effect that social behavior has had, or may have, on evolution- 
Although tied closely together, these are two distinct problems and 
will be discussed separately.* Before going any further, let us look 
at each of these in more detail. 

The influence of evolution on social behavior in the various 
phylogenetic groups of animals represents essentially a historical 
problem. It must be attacked by searching for similarities and 
differences between and within phyleiic lines. For example, we 
may note a fact that has impressed many biologists — the remark- 
able likeness in the social structures of man and the sodaJ insects — 
and attempt to look for the causes of this similarity. On a more 
specific level, we may attempt to trace within a certain order, let us 
say primates, any gradual changes in the complexity and sophistica- 
tion of social behavior that may occur from the lemurs to the an- 
thropoid apes. It is obvious that in order to deal with such problems 
effectively sve must first have some knowledge of the essential di- 
mensions of the parameter svhosc evolutionary history we are 
attempting to follow. Much of this paper will be concerned with an 
analysis of social behavior so that its evolutionary history may more 
easily be traced. 

While it may be obvious enough that sodal behavior can have an 
influence on evolution, the full extent of its importance is perhaps 
not generally appreciated. It is axiomatic that evolution is due to 

i. Since ihe excellent work of the European eUwtogMt* u presented tn tbu volume 
in the paper o£ Hmde and Tmbergerr. dUcoasion of It u omiited here 

*9‘ 
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ctang« .n gene frequences rn populations and that these change 
t due. in mm, to\he factors of -lection, migration and muU 

tion (Lemer, 1950) As Huxley has indicated (1942). a» dies 
tors can readily be determined by ishat mdii iduals in the ^p 
tion are like and how they relate to each other and ^ 
vironment That social behasior thus mnuences “f, 

has a great many ramifications, particularly at the hum 
It IS true that man can control his oivn destiny, m a sense, 
man, evolution has outdone ttself and has produced a crea 
who can cope so successfully with all possible 
situations that he need never speciatc further But at the sa 
time man imposes on himself, by his irrational fears and prej 
dices, by his social institutions and customs, by his class distinctio 
and rigid in-groups, many limitations that can change his evo- 
lutionary history We are used to these by products of human 
ciety and take them for granted as the natural sute of things Only 
■when tve consider what the situation might be without them can 
we get an idea of their importance and possible influence on t e 
course of human evolution . 

Since space does not permit detail, I will deal only in genera 
terms and try mainly to suggest a comprehensive breakdown o 
social behavior that may be useful in examining its bearing on the 
evolutionary problem For our purposes here social behavior wi 
be taken to be (a) a process of some kind occurring between m 
dividuals that (b) lias certain results The first of these two parts 
relates to the problem of communication, the second to the kinds 
of communication that can occur between individuals in a group 
and the kinds of group structure in which they may result 


The Process of Communication 

The first level of social behavior that will be discussed is the 
process of interaction, that is, the means by which one individual 
can convey certain information to another This basic problem of 
communication is of great importance in the present discussion 
The process of communcation has two mam characteristics as 
has been pointed out by numerous ivriters on the subject (Bierens 
de Haan, 1929 Langer, 1942 Revesz, 1944 Hebb and Tliomp- 
son, 1954, MowTer, 1954) (a) Any communicaiion has a certain 
form or structure and (b) it is directed to an audience or to a 
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recjpjciiL Both ih«e parameter* can sene to distinguish human 
from animaj language The language of man is highly developed 
tint of all m that it is sjntactic in foiro (Hcbb and Thompson 
' 95 1 ) « to say if invohes the combination of two or more 

represcntatitc gestures for a single effect and the use of the same 
gestures in different combinations for different effects These 
combinations usuatl> involve a noun and a predicate and we call 
them sentences Animals ire unable to achieve such an order of 
complexity They are for the most part bound by the immediate 
sensory environment vhilc man in lus conceptual and linguistic 
activit) IS not 

Thus bees and ants can announce to the rest of the colony that 
ihc> hive discovered i food source and that the food source has a 
certain location But as Mowrer lias recently pointed out {1954) 
this information is limited to what he calls the thing sign variety 
of Sentence Thus ihe bee before she can transmit relevant in 
formation b> means of a round dance in the case of a near food 
source or by a uaggmg dance in the case of food beyond one 
liundred meters must fmt deliver to the others sugar water which 
she lias obtained from the source The behavior of a dog barking 
to be let out is similar Most dogs sit or stand near the door (the 
thing) and perhaps scratch at it while they are barking Their 
message indicates only some distress that is apparently connected 
with the door and that a specific interpretation is placed on it by 
the dog s master is due to the cleverness of the master and not the 
dog Were the animal unable to approach the door at all it would 
be unable to convey the requisite information even to a superla 
tivel) clever master since in this case it would need the capacity 
to use a signsign type of sentence raiher than the thing sign 
variety 

Now I think that there is some evidence that m higher forms 
and in particular in primates there is a greatly increased develop 
ment in intellectual capacity and a tendency for conceptual proc 
esses to be freed from the immediate situation At this level an 
animal can often act m one way and think m another the first 
dawning of the ability to abstract Tins is clearly shown in play 
and teasing behavior The aggressive pretenses that mask fnendli 
jiess or the friendly pretenses that mask aggression so evident m 
the chimp as well as other ammab show an ability to separate a 
certain type of vocahiation or gesture from particular emotional 
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can see the be- 


states (Hebb and Thompson. .954)- Although we an see u e 
rinninp o£ this apacity in the higher mammals it ts no un . 
feach man that a definite threshold is passed and 
completely conventionalized and largely indcpende 

ment and emotional states. _ This has 

The second feature of language is its social function, 
been stressed by Cooley, Mead, and many others (c£. Swans •• 

,95a). Moivrer (1954) has recently suited the 
He says: "Language an be regarded as the mcdiu ^ 
gifts are bestowed on others; we arc said to give them info ^ 
which they find useful . . . Ontogenetically, the selfish us 
language comes first, and the ‘altruistic’ use later; per ap 
vras also true historially.” This is an intriguing idea and has Dee 
emphasized, at least implicitly, by many interested in the problem 
of language phylogeny. To say. for example, that animal languag 
lachs purposiveness and intentionality as R^vfcsz (1944) ° 

that it is egocentric rather than allocentric, as Bierens de 
(1929) does, is to distinguish it from human language on the basis 
of its social function. Indeed, a quick survey of the literature on 
the subject will indicate that discussions of language are often 
followed or preceded by discussions of cooperation or socialibihty. 

Looked at in this way — as a vehicle for giving something (iti’ 
formation) to another individual — language may be said to de- 
velop correlatively with cooperative tendencies. It is true, o 
coune, that in the social insects there are remarkable instances 
of behavior that look superficially like cooperation. An example, 
the bee wagging dance, has already been mentioned. But in this 
case it is significant that a bee that has found food apparently 
does not require an audience to receive her information and may 
be induced artificially to do her dance — for example, by antennal 
stimulation (Birch, 1951). This fact suggests that the communi- 
cation transmitted is rigidly bound to specific sensory stimuli and 
occurs as a reflex action. The language of the bees is not the 
language of love. 

In the vertebrates we find similar types of communication oc- 
curring, sometimes much cruder in form than that of the social 
insects and transmitted merely by a general social facilitation. At 
the same time, something new appears, namely the increasing 
tendency for social asrareness of others to play a part in the inter- 
action between animals. That social awareness has an important 
relation to language has been stressed especially by G. H. Mead 
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(1952) Collectively, tlie many roles taken on by a person constitute 
what Mead alls “the generalwed other” This ability 'to be 
someone else," to take on the characteristic of ' the other," he re- 
gards as the very core of social behavior and as being uniquely 
developed m man ^ ^ 

Now while this ability to * be Uie other” is peculiarly striking 
m man, it is possible to see at least its beginnings m the lower 
animals Kohler (1927), for example, has descnbed what seems 
to be a true case of empathy m the chimpanzee Not only is 
empathy a highly social trait but it is also one that demands a 
high degree of intellectual deielopment The empathizing animal 
must be keenly aivare of the other individual and must be able 
to act as if he isere m the place of the second animal, meeting 
the same cmironmental situation Thus empathy demands from 
the indiv idual the ability to dissociate himself from his immediate, 
concrete environment and to react to an absent or hypothetical 
one In the case noted by Kohler, one chimpanzee watching an 
oUier reaching for fruit hanging a precarious distance aivay uas 
able to identify itself with its fellow to such an extent that tt made 
spontaneous reaclung movements m empathy with the other 
animal 


Closely related to empathy, and perhaps presupposing it, are 
friendship and altruism Both demand the ability on the pan of 
each member of the pair to put himself in the place of the other 
and to react and feel as the other does, even though his own 
environment does not demand the same kinds of reactions This 


may often result in considerable peisonal sacrifice Observations 
of ivhat appears to be true friendship in primates have been made 
by many investigators (Zuckennan, 193®' Nissen and Crawford, 
1936, Nowlis, 1941, Nissen. 1951. Birch, 1951) It is not at all 
certain to ivhat extent genuine friendship appears in other am 
mals or just at what level m phylogeny it begins Nevertheless 
It does not seem to be the exclusive property of the chimp A 
very interesting example of friendship has been observed by 
McBnde (1940) in a very different animal, the porpoise (Ttirsicps 
trunmtu3) As McDr.de and Hebb (.948) pmnt onl, die social 
life of the porpoise is very highly developed, involving cfear domi 
nance relationships and quite elaborate epimelettc behavior fn 
view of the stribrng brain development of tins animal, perhaps 


this IS not surprising 
In general, then, there does seem to 


be an indication that in 
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„,any animals below man intelligence h- 

sufficient for such complex phenomena as empathy 

m®ppear. It is probable that on these nd 

munition is built. They are by no means 

require a high degree of the ability to abstract to tmns_^ 

the immediate concrete limitations of the situati ’ . , 

say, language probably develops phylogenetically correlativ y 

with intelligence. 


Type of Social Interaction and 
Group Structure 

On the next level of social behavior we shall discuss the ^P» 
or kinds of interactions that may occur between the individuals 
in a social group and how these determine the characteristics 
the group. Obviously any attempt to relate social behavior to 
evolution involves a primary methodological problem. Be <>te 
the different social groups occurring in the various biologica 
classes can be desaibed and distinguished, it is essential that we 
have some means at our disposal of designating empirically the 
basic components of a society. We cannot compare groups without 
having certain unitary dimensions; and we cannot have unitary 
dimensions unless we can find some reliable method of observing 
them. . 

In the social psychology of small human groups, the problem ot 
describing and classifying social responses has recently been re- 
ceiving more and more attention, and quite a number of coding 
categories have been suggested (Heyns and Lippitt, i954)' 
standing among the attempts made is that of Bales and his col- 
leagues at Harvard (Bales, 1951). 

In Bales' system, responses are classified into three major cate- 
gories, each including several subtypes, roughly as follows: 

1. Social-emotional positive responses, including "giving help 
or reward," "showing tension-release or satisfaction," and "pas- 
sive compliance." 

2. Neutral or task-oriented responses, including three types 
of attempted answers and three types of attempted questions or 
suggestions. 

3. Social-emotional negative responses, including “antagonistic 
or punitive responses," "showing tension, or withdrasval," "dis- 
agreement or passive rejection.” 
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Bala’ scheme has been found to t^ork rather tvcll m the analj-sis 
of problem solving behavior of small human groups It may be 
discovered, for example, svhether differently structured groups 
differ in the frequency of rapomes of the different t)p« and how 
these differenca are distnbuted over time We can find out 
whether certain individuals t)pically make certain typa of re 
sponsa more frequently than other iyp« and also if they make 
more of one kind than another to particular members of the 
group In this manner it is possible to describe in great detail die 
patterns of social behavior occurring m any group 
For purposes of comparison, another classificatory sj-siem sug 
gated by Scott {1945a) for dacribmg the social rcspoma of am 
mals vv ill be examined He divida social behavior into the follon 
mg classa (i) allelomimctic— mutual imiianon and facilitation. 
(s) epimeletic — ^giving care and attention, {5I et-epimeletic— call 
ing for care and attention. (4) sexual. (5) fighting (6) shelter 
seeking, (7) eating. (8) invaiigauon 
As Scott points out, only the first five are directly social TIic 
last three may or may not involve social relationships depending 
on circumstances Eating, for example, may be social vvhen a 
common food source results in the aggregation of a number of 
individuals 


It is not an easy task to effect some combination of the categories 
of Scott and of Bala that will prove practical for observing animal 
groups in the field Both authon however, appear to divide re 
sponses roughly into two mam t>pa, posiiive and negative, dc 
pending on w hether diej make for more or less group uni!> Tlius 
m Scott’s classification alWomimctic, eprrneleiic, et epimeletic. 
and sexual behavior are positive factors in the sense that they 


lend to bring individuals closer together as a group On the other 
hand, fighting and invaiigaiion or exploration tend to dtiperjc 
group members Eatmg and sheUer seeking may be cuher. de 
pending on circumstances Similarlj Bala' caiegoria may be 
divided into positive and negative inasmuch as the social re 
sponses which they designate may either increase or decrease the 
homogeneity and imiformii) of group climate 

At an empirical level, of course it vsill not always be easy to 
decide whether a response u negative or positive The lexml 
courtship of many specia for example the cat inv^Ka a con 
sidcrable amount of aggressive Uluvior, as Ford and Beach (i05‘) 
have pointed out. Similarly, ilieiomimeuc behavior in.tally pro- 
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duces tension arousal, which in turn ultimately results in tension 
reduction, insofar as its final effect is the avoidance of danger. 

In such cases, it is problematical whether the interactions shou 
be classified as positive, negative, or both. I think that all that can 
be done at present is to record carefully the complete sequence o 
actions from beginning to end, much as does the observer using 
Bales’ method on human groups. 

To this primary division another classification may be added 
denoting the type of organism initiating and receiving the inter- 
action, whether male, female, or young. The initiator or the re- 
cipient may be a member of the in-group or of an out-group, 
consequently, we may add a category to cover this possibility. 
Finally, a division may be provided denoting the type of activity 
or drive involved in the interaction, whether it be concerned 
with food, sex, territory, or escape from some noxious stimulus. 

This approach may seem rather simple and crude — I do not 
claim that it is a very good one, or even practicable — ^but there 
is no question that something of the sort is necessary if sve are 
to achieve any degree of exactness in our observations and analysis 
of social behavior in animal groups. Much of the significance of 
such a model lies in its relation to the next level of social be- 
havior namely, the dimensions of group structure. As I will try 
to show, these depend completely on the kinds of interactions that 
occur in the group and the individuab making and receiving 
them. Five dimensions have been chosen for examination, and 
each ivill noiv be discussed separately. 

1. Size and density. These two parameters — the number of in- 
dividuals in a group and their distribution over a unit space — 
are the most basic and obvious of the dimensions to be discussed, 
and have received their full share of attention already from 
geneticists and others interested in population dynamics (Wright, 
1921, 1940). Their relationship to social behavior is close and 
reciprocal. Thus the size and density of a population are de- 
pendent to a great degree on such factors as intragroup dominance, 
aggressiveness, and territory, and these, in turn, are dependent 
On size and density. For example, population growth in a colony 
of baboons is limited considerably by the highly restrictive mat- 
ing privileges accorded to the dominant overlord. Challenges 
of his rights by unmated males often result in serious, protracted 
fights that may end in the death of not only many of the males 
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concerned but also the female over which the battle initiated 

(Zuckerman. 1952) Similarly, crowding m colonies of the common 

term usually results m desertion of nests and increased fighting, 
with an ensuing increase m morulity rate The number of birds 
found dead in a colony has been shown to be in mvene proportion 
to the Size of the territories held The smaller these are as a result 
of crowding, the greater the aggressiveness and fighting within the 
group (Palmer, 1941) In many other species the relation between 
social factors and population sue and density is equally close In 
guppies, black bass, voles, and a number of insects, such as the 
flour beetle Tnbolium, an increase in population sue may lead 
to such compensatory mechanisms as cannibalism, which regulate 
numbers within safe limits (Colhas, 1951) 

As such, these parameters of size and density can hardly be 
used as a means of delineating or descnbing phylogenetic levels 
In almost any biological classification, great variations m sue of 
groups occur not only between but also within different species 
and genera Societies occurring in the primate order illustrate this 
point amply (Nissen, 1951) In most of these social groups the 
range m size is so large as to allow little possibility of generaliza 
tion It IS true that the more primitive genera such as tamers and 
aye>ayes tend to live m pairs or small groups, and that monkeys, 
both New and Old World, usually live in large bands But the 
more highly developed apes again revert to small groups Either 
there are no phylogenetic trends with respect to size and density 
or else they are so complex as to escape ready identification In 
any given society they appear to depend on a multiplicity of fac 
tors, some purely physical or environmental, others utimately 
genetic, but it seems unlikely that, in vertebrates at least, there 
IS any systematic relation between particular sue or density and 
particular animal groups 

On the other hand, these parameters have very important ef 
fecis on the evolutionary fate of populations For example, as 
Colhas and Southwick (1952) have shown empirically with howling 
monkep on Bano Colorado Island, natural selection may operate 
to favor the maintenance of medium sued over small or large 
groups Both of the latter were found to have disproportionately 
small numbers of offspring In a case where populations of differ 
ent sue exist side by side, each rcprescnimg different gene pools, 
those in the moderate sue groups will be favored over the othen. 
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and any phenotypic characteristics carried by them will have a 
better chance of being perpetuated Similar observations made ny 
Calhoun (1952) on a free ranging colony of rats suggest that too 
high a population density may have deleterious eSects, in e 
pendently of the amount of food available Whether such effects 
are genetic or phenotypic, they can undoubtedly have important 
evolutionaTy consequences 

2 Cohesiveness This dimension refers simply to the tendency 
for the individuals of a certain group to remain m proximity to 
each other Another name for it might be "amount of scatter, 
and, in this respect, it u the psychological counterpart of density 
In terms of the scheme of interaaion analysis suggested above, 
cohcsivcness ivill be given by the total number of interactions in 
the group over a period of time In a cohesive group, interactions 
both positive and negative will be numerous compared to those 
occumng in a noncohesive group Thus a group may still have 
a high degree of cohesiveness even though its members arc scat 
tered quite widely, so long as communication goes on between 
them For this reason, cohesiveness will be uncorrelaied 
density up to a point 

In general, cohesiveness vanes widely with animal groups For 
example, Collias (1950a) has observed in the New YorV. Zoological 
Park that a group of white tailed deer showed a particular lack 
of cohcsivcness, scattenng widely in their enclosure, whereas a 
group of nyala antelope usually moved as a compact herd unit 
Cohcsivcness, in this case, appeared to depend on the amount 
of intragroup aggressiveness, this being much greater in the first 
of the two groups mentioned Aggression need not always be the 
critical factor, however. In societies of geese and pelicans the same 
investigator found that the tendency to cohere apparently re 
suited largely from similarities in coloration or pattern of 
plumage Carpenter (1942) has described different degrees of co* 
hcsiveness in various monkey groups Howlers, for example, 
usually form rather closely knit, cohesive units Capuchins and 
baboons on the other hand scatter widely in the daytime though 
they cluster together at night Spider monkeys apparently scatter 
even more widely, though, again, they tend to assemble at night. 
In these cases cohcsivcness is governed not only by intragroup 
antagonisms and the nature of the habitat but also by sexual at 
tractions and familial tics 
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Granting such factors as sex and family however there is still 
another more basic cause of cohesiveness Even individuals which 
because of their submissiveness or lack of development are ex 
eluded from the rights of mating and family ivili tend to stay as 
close as possible to the other metnben of the band Although these 
isolates receive summary treatment from their fellows they ap- 
parently still find some satisfaction in being associated with fa 
mihar individuals This tendency is especially obvious in birds 
and has been discussed fully by Crnlm (195a) He suggests that 
cohesiveness is the final product of a balance between positive and 
negative social responses For example m nesting colonies of 
swallows perching on telephone wires a great deal of time and 
elTort are taken up in satisfying both the appetite for companion 
ship and the aversion for crowding By a continual process of 
shuffling and reshulffing the birds gradually establish an optimal 
amount of cohesivencss Ten inch gaps on the wire for example 
are filled centrally with no trouble while six inch spaces are 
avoided generally and their occasional invasion since it results 
m too close proximity for comfort gives rise to aggression In 
bird flight we find the same tendency to cohesiveness that is in 
evidence in static roosting groups Nichols (1931) observed that m 
a mixed flock of shore birds bunching and wheeling would occur 
m such a way as to maintain a close proximity between the faster 
and slower individuals in the group By these various maneuven 
an optimal amount of cohesiveness could be achieved dunng 
flight 

The relation of cohesivencss to phylogeny appears to be com 
plex The tendency for individuals m a group to cohere is found 
m all social animals from primitive colonial forms to man but 
It IS difficult to distinguish any real trends For example both 
rat colonies (Calhoun 1952I and prairie dog towns (King 1955) 
are usually divided into smaller local groups such as wards 
and coteries between which there is a reduced incidence of 
locomotion and although the division of the praine dog group 
IS more complex than that in the rat colony there is perhaps no 
essential difference between them Similarly in Crotophaginae 
one of the six subfamilies of cuckoos Davis (194'*) finds a gradual 
progression (or regression) from pair nesting and pair territory 
defense m the more primitive genus Gutra to communal nesting 
and territory in the species Crolophaga ant and C sulctroslrts It 
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« clear that the erolut.on of group cohes.veneas Jolbu 
general rules and be different for different biological 
® As a causauve factor in esoluiion. the cohesiveni^ « 

can have an important influence Strong group 
hkels to promote better protection of ■jounger or ueake 
L of t/e society, as siell as better biological "conditionmg of 
the territory (Alice et al , 1949) Furthermore, in many soaeuM. 
proximity between indisiduaU may have an even "'ore d.rec 
value by providing the soaal stimulation needed to se 
variety oE important reproduawe and protectne functions Y 
bird speaes. such as the fulmar petrel and the Atlantic murre ar 
stimulated to incubation and mating by the social stimulauo 
imol\ed in moderate crouding (Darling, 1952). and others, su 
as the araic skua, shots defensive patterns of behav lor only vn 
social condmons (Williamson. 1949) In these tt*a>s, it appears 
that the cohesiteness of groups has definite survival value 

On the other hand, too great a cohesiveness, as in the case o 
crottdmg, ma> have deleterious effects And, in addition, » 
hesiveness is so strong that it effectively isolates the individuals 
in the group from all other groups with whose members cross 
breeding might occur, then it may well promote selection and m 
breeding Viith any evolutionary consequences these may have 
3 Syntalily This term (borrowed from Cattell, ig53) ^ 
here to describe the degree to which the members of a group act 
as a unit, or in concert, in the achievement of some group 
Although similar to cohesucncss. it may still be regarded as dis 
unct- Thus a cohesive group m which the members stick closely 
together may art with or without synlality — that is, in unison or 
individually — ^when certain circumstances arise Cohesiveness re 
fers to the fact that group members communicate a great deal, 
syniality to the fact that the members of the group can act co- 
ordinately or cooperatively m meeting some problem that has 
to be solved, vshether this be a sudden stressful situation or merely 
the everyday task of surviving in a certain milieu In terms of an 
mteiaction analysis syntality is indicated mainly by the degree to 
vshich particular individuals make particular t^pes of social re 
sponses over a penod of time, especially vshen <^nger threatens, 
and also by the degree to vshich the group responds to these com 
mumqu£s 

In vertebrates social roles are less clearly defined than in m 
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sects Ho^sever, there are some For example, m reindeer lierds 
some degree of syntality is ensured by the allocation of certain 
social functions to certain individuals According to Sdobnikov 
(Allee et al , 1949), the herd is divided into tuo main groups— a 
middle group composed of quiet, peaceable indniduals and a 
fringe group that is further divided into a vanguard and side 
groups of restless nervous animals There is also a rear guard of 
submissive individuals Thus in a danger situation the fringe am 
mals, by dint of their loiver threshold of emotional response, 
wll be able (by social facilitation) to transmit relevant informa 
tion more readily to the more placid members of the herd This 
ensures that a maximum number in the group will react ap 
propnately Leadership is another role that favors syntality of tire 
group This IS highly developed m some groups much less so in 
others In such species as the red deer (Darling, 1937) Barbary 
sheep (Katz, 1949), domestic sheep (Scott, 1945b), and goats 
(Stewart and Scott, 1947). leadership plays an important social 
function and usually rests with a female In many other societies 
such as the roe deer or baboons, the members of the group arc 
tyrannized rather than led by the most aggressive and dominant 
male It is for this reason that Darling {1937) and Allee {195O 
have stressed the value of mainarchy in making for true gregarious 
ness and cooperation Darling has contended that the sociality of 
the female is "selfless, unlike t/iat of the male this being alm}s 
endangered by the ‘egocentric se\ drive Jt is interesting to note 
that tn Che red deer hind groups there is much more cohcsivcncss 
and syntahey than in stag companies, nhich have no apparent 
leader but only one animal who ’maj be in a position to bully 


the rest' (Darling, 1937) 

Another factor bearing on syntality m the group is the function 
of family units aimed at the preservation and rearing of the young 
Even within lower phylogenetic levels m insects for example 
there appears to be some evolutionary development As Colhas 
(1951) has pointed out, m the pnmiuve forms tlic mother merely 
lays her eggs m some location that vmH prove favorable to die sur 
viva! of the young once they have emerged In more advanced 
forms, however, the mother will remain with the young larvae and 
protect them At the highest level care and raising of the young 
are often a group project, as in the social insects In some mam 
mals. such as cats and rodents, the male is associated with the 
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female only during estrus and does not contribute directly to fern 
ilv life In species such as the red deer (Darling, 1937 ) or the 
Alaska seal (Chance and Mead, 1953) the male remains with a 
number of females, which he protects from other males, during 
the rutting or mating season, then he returns to the bachelor 
group, and the young are raised by cooperating female her 
much higher level of family life is found in some canines (Young 
and Goldman, 1944) and primates (Zuckerman, 1932, Carpenter, 
1942), in which the male and the female may cooperate in raising 
and guarding the young Etkin (1954) may be right in suggesting 
that there is a tendency, phylogenetically, for the family unit to 
become more and more a well established feature of the socia 
group, though this may not be very obvious within any particular 
phyletic lines It would seem that in the Crotophagmae, already 
mentioned above, the genus Gutra shows a better developed fam 
ily unit than Crolophaga, although the first is phylogenetically 
older (Davis, 1942). while in rodents praine dogs, with their 
rather complex social organization (King, 1955), appear to show 
more group symahty than rats (Barnett and Spencer, 195*) 
any biological group a host of different factors, such as physical 
habitat, food supplies, and sensorimotor equipment may influence 
group structure and cooperativcncss between individuals in the 
society These must always be considered when looking for evo- 
lutionary trends 


The effects that syntality can have on evolution are more clear 
Like cohesivencss syntahty can have survival value, and, in fact 
IS specifically geared to survival and improvement of group life 
A group whose members can coordinate their behavior to the 
achievement of some group goal has better chances of survival 
than one whose members act independently In addition, as Etkm 
(1954) has suggested, an integrated family life may exert an im 
portant selection pressure favoring the development of tool using 
and language 


On the other hand, while syntahty may favor group survival, 
It may act against individuals, particularly when specialization 
of roles is extreme This will certainly be true if cohesiveness is so 
low that the weaker members who are concerned only with such 
functions as nutrition and reproduction, are not continually under 
surveillance by those members whose mam function is protection 
4 StahWily The stability of a group as used here, refers to the 
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fixit) of intcnndividual relationships mthin a group, that is to say, 
the degree to t^hich social mtcracttons between particular jnd/ 
viduals remains the same over a penod of tunc A stable group 
IS one in rvhich the intermember relationships do not change \ery 
much A number of chickens, for example, when put together 
for the first time, will soon sort themselves out into a rather suble 
social hienrchy or peck order, as Douglas (1948) and numerous 
others liave shown (\llee, 195*) Pigeon and parakeet groups, on 
the other hand are typically unstable and do not have a rigid 
dominance order but only a loosely defined peck right (Alice et al , 
1949) Stability IS related to cohesiveness and syntality but is, 1 
think, distinct from them Thus it is theoretically possible for a 
group to be low in cohesiveness and syntality but high in stability 
The work of Douglas (1948) on hen groups illustrates this possibil 
ity quite well She has shown that a bird may be a member of 
as many as fi\ e different flocks simuluneously and hold a different 
social rank in each one A group $0 composed of absentee mem 
bers has no cohesiveness or syntality but stil] has high stability 
On the other hand, it is not di/ficult to imagine a group that is 
very cohesive and has high or moderate syntality but is very un 
stable 

Phylogenetically, stability of groups may resemble syntality In 
most primitive social groups stability is high m a negative sense, 
m that these societies are not unstable At these levels dominance 
relations and emotional interactions between particular indi 
viduals are probably less important, and there is httle problem 
of social rank With increasing intellectual and perceptual capac 
ity, however, emotional interaction between particular individuals 
becomes more noticeable, and competition for social rank and its 
accompanying priorities emerges In vertebrate groups we thus 
find all degrees of stability represented, depending on the ability 
of different individuals to distinguish each other, tftetr emotional 
sensitivity, and dieir ability to remember the outcome of partic 
ular encounters Thus as Collias (1950^) ^^s pointed out the 
stability of bird and mammalian groups is much greater than those 
of fishes and lizards Aggressiveness is not any Jess for this reason, 
however, in higher social groups if anything it is greater But it 
can be more readily controlled Because animals come co recognize 
each individual m the group as dutinct from other individuals 
they are able to react appropriately with dominant or submissive 
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behavior, depending on their expectations regarding tlicir fcllons 
In human societies the stahil.tj ot groups is ensured in mu^ 
the same n-ay For man, aUltoiigli he is a scry emotional animau 
has the intelligence to find the means ol mastering his animosities 
and fears Thus it ma> is ell be true that increasing stability a 
die group level reHccts rather directly an increasing dcvclopmcn 
of intelligence at the individual level, m that it depends ultimately 
on the ability of an organism to remember vshat every indivi ua 
in the group is like and to react appropriately vsith certain speci 
fied kinds of behavior that convey certain standard kinds o m 
formation This does not mean that capacity for emotionality 
IS therefore less in higher forms On the contrary, it is proba y 
greater A baboon society, for example, may appear relatively ca m 
and stable provided the status quo is preserved, but may be com 
pletely disrupted for long periods of time by violent fighting when 
certain circumstances arise that disturb the usual controls exerte 
by a domanance hierarchy For the most part, paradoxically, the 
same factors that make such a degree of emotionality possible also 
make available the means of controlling it (Hcbb and Thompson 


» 954 ) 

The evolutionary consequences of stability in groups are im 
portant and may be in several directions Its chief effect is ot 
course to reduce the number of aggressive encounters between 
group members Scott (1950) has observed, for example, that in 
three species of grouse — the sage grouse, the greater prairie 
chicken and the praine sharptail — the amount of fighting is m 
versely correlated with the complexity of social organization The 
more clear are the dominance hierarchy and territorial rights the 
greater is the stability of the group These findings are in accord 
with those of Masure and Allee (1934) on chickens and pigeons 
and with those of Braddock (1945) on fish {Platypoectlus macu 
latus) In any species having a stable organization an animal low 
in the hierarchy and ill equipped to defend itself can avoid the 
possibly fatal results of combat by giving way gracefully to mdi 
viduals It recognizes as dominant Submission may also mean a 
sacrifice of pnonty for food and mates but at least it has a very 
definite survival value Because of this Chance and Mead (i 953 ) 
have laid considerable emphasis on the ability of an animal to 
control or delay its aggressiveness in emotion provoking situa 
tions as an evolutionary mechanism and have suggested it may 
well reflect increased neocortical development 
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5 Permeabiluy Tins parameter may be defined as the degree 
CO which the members of a group permit the intrusion of strange 
individuals, and is given by the number of negative interactions 
to an individual of an outgroup Since it is a group trait which 
has been studied extensively in many different societies from in 
sect to man it is of considerable interest in the present connec 
non At the same time, it seems unhkely that this dimension 
vanes systematically within or between phyletic lines In almost 
any biological class there may be found social groups that differ 
greatly m permeability Tor example among rodenu it appears 
to be true that different genetic strains react differently to strang 
ers, C57 Blacks for example, very a^essively, A/Jax rather per 
missively (Scott and Tredencson 1951) This difference suggests 
that permeability represents the expression at the group level of 
traits that are genetically controlled m the individual These traits 
are probably the ability to discnminate strangers from non 
strangers and degree of aggressiveness Tins is indicated quite 
dearly by Kings study (1954) on differences in group permeabil 
uy between two breeds of domestic dog the cocker and the 
basenji These tiso breeds are genetically distinct and appear to 
differ considerably in temperament (Fuller and Scott, 1954) It 
M interesting that bascnjis— a hunting breed and the more aggres 
sive aniraal--^re more rejecting of stranger dogs than cockers and 
form much more rigid social hierarchies svithm their oiim group 
The characteristics of the newcomer are also important As Doug 
las (1948) has shown for example dominant, aggressive hens are 
usually assimilated much more quickly to an organized group 
than submissive birds Curiously enough in primates at least 
strangers of another species are usually tolerated and allowed to 
mingle freely with the group, while strangers of the same species 
are not (Carpenter, 1942) It « possible that this phenomenon is 
related to sexual dominance only animals that represent a threat 


to mating privileges because they are of the same species as the 
individuals in the group being actively excluded 
While Its relationship to phylogeny is vague, permeability may 
well have an important influence on the course of eiolution In 
effect a highly impermeable group isolates itself by excluding 
individuals which do not already belong to it This may have the 
effect of increasing inbreeding with a subsequent increase m 
homogene^y and ,pcaaI«t.on lhat may bt delttmou, should 
envitonmenta! conditions change radically On the other hand 
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as Collias (1951) has pointed oat. low pcnneability may act to 
facilitate suTviral in a species as a svholc by permitting closer 
organization svithin the group. In flocks of birds, for eimmple. 
srfth continually shifting membership, there is more fighting and 
the average individual gets less food and does not maintain body 
weight as well as those individuals in a less permeable 
Furthermore, a certain degree of impermeability may maximize 
the "fimess” of a species if it results in a number of genotypically 
distinct inbred lines upon which selection may act (Thoday. 

1953)- 

Summary 

In summary, jt may be slated that the c\’olution of social be- 
havior is a broad and complex problem. Although it is not so 
difBcult to see the possible evolutionary effects sodal beba\*ior can 
have, it is very difficult indeed to find any obvious phylogenetic 
trends, tvith respect cither to the structure of groups or to the 
kinds of interactions occurring in them. It appears to be true 
that sodal groups are most highly organired in insects and in man. 
But the parallelism between the two is superficial, and the or- 
ganization of each probably depends on different mechanisms. 
In the social insects es-olulxon has brought about the possibility' 
of intricate social relationships by means of changes in genotype, 
giving their sodal life a rigidity that is little susceptible to change. 
In man, analogous complexity has been achiesed more indirectly 
through the cs'olutionary development of abstract intelligence 
and learning ability (cf. Schncirla, 1946). ^Viih these abilities 
come true language and altruism, characters that make possible 
much more sophisticated social behavior than can occur in in- 
sects. In animals betiveen insects and man there is a transition 
from dominance of genetic mechanisms to dominance of learn- 
ing mechanisms in determining sodal behavior. Since neither has 
definite ascendance at this les-el, social behavior tends to be rather 
elementary- At the same time, with increasing ability to abstract, 
a potential for complex group behavior is gradually built up, cul- 
minating in man. 

It is perhaps disappointing that at present only such a broad 
generalization as this can be made. We can but hope that more 
empirical work will be done on the evolution of sodal behavior. 
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having as its mam aims the exact description and analysis of many 
social groups in many different species and the exploration of 
the manner in which genes produce behavioral characters Until 
this IS done, lutle progress will be made 
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The Evolution of Behavior among Social Insects 

Alfred E Emerson 

UNIVEHSITY or CtilCACO 


Thz social insects have Jong been noted for types of be 
havior that may be arranged in evolutionary order They have 
also contributed to our knowledge of behavioral processes and evo- 
lutionary mechanisms No one type of organism is the best for all 
aspects of analysis and synthesis of behavior evolution Insect 
societies provide the best knotvn material for demonstrating some 
important points and are inadequate for others 
An adequate interpretation of the evolutionary order of be 
havjoral manifestations among the social insects should find cor 
relative mathematical order of facts from anatomy, physiology, 
ontogeny (embryology), cytology, genetics, biochemistry, biophy 
SICS, taxonomy, ecology, geography, paleontology, and the social 
sciences m general Not only are pnnciples and generalizations 
from these special subsciences often applicable to the behavior of 
social insects, but some of the prinaples derived from a study of 
social insects may contribute suggestions to other fields of study 
(Emerson, 1954) Some of the attributes of social insects that lend 
themselves to evolutionary study arc listed below 

1 Their behavior is predominantly instinctive and genetically 
induced, although some assoaational learning is important in so- 
cial activity and communication (Schneirla 1929 von Frisch 
iggga) Organic evolution is a change in lime in the genetics of 
organisms, and the evolution of behavior must deal with inherited 
behavior In contrast, the evoJuuoji of human behavior is best 
divided into genetic capacities and social inheritance by means of 
symbolic communication 

2 Insect societies exhibit emergent group behavior, not just 
a summation of behavior of individuals The group behavior is 
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probably always polygenic The group system is integrated to a 
marked degree by its behavior and is a selected unit m evolu 
tionaty processes The individual is always present and important, 
hut has been considerably modified during evolution by its social 
functions The group system has many fundamental characteristics 
of an organism and may be termed a 'supraorganism' (Emerson, 
1952, Bonner, 1955, also see Schneirla, 1946, tor a critical dis 
cussion) 

3 The group behavior is social, functional, and adaptive 
(EraeKon, 1929) 

4 The behavior may be associated with structural characters 
that are arranged in a phylogenetic order The evolutionary order 
of the morphological characters is well substantiated in many in 
stances, and correlations with developmental, ecological, geo- 
graphical, and paleontological information are established 

5 The cumulative behavior of the group is sometimes ex 
pressed in constructions that make precise comparisons possible 
among closely related species and genera, so that aspects of 
morphology that lend themselves to evolutionary analysis and 
interpretation often are paralieied by behavior (Schmidt, 1935a* 
Desneux, 1956b) 

6 The morphological expression of social behavior makes it 
possible to use terms that heretofore have been applicable to 
anatomy, physiology, and development Some of these terms are 
taxonomic categories, homology, analogy, symmetry, replication, 
metamerism, ontogeny, regeneration, fields, gradients, phylogeny, 
recapitulation, genetic assimilation, vestiges, and homeostasis 

7 The activity of the social insects so modifies the physical 
and biotic environment that the society has been the focus of 
biocoenoiic evolution incorporating many other species of plants 
and animals into an inierspecics population of relative complexity 
and evolutionary duration (Seevers, 1937) 

Difiiculiies in the analysis of evolution are due to inadequacies 
of information about social insects There is a lack of precise and 
abundant data on the genetics of behavior, on the details of the 
function and physiology of the sense organs and central nervous 
system and on the individual behavior The experimental and 
quantitative data are meager and seldom deal wuh closely related 
species and genera Semantic confusion permeates the literature 
Anthropomorphisms, superficiat metaphors, and unsound facile 
generalizations abound 
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Behavior and Taxonomic Categories 

Homologies of behavior may be correlated with anatomical 
homologies characteristic of taxonomic categories These give evi 
dence of continuity through genetic relationships and changes 

Species Many distinctionj of behavior are found among 
anatomically distinct species, but the role of behavior m specia 
tion is emphasized when the distinctions of behavior are greater 
tlian lhc«e of structure The be$i case ibaz combines slight morpho- 
logical distinction with great ethological distinction is the pair 
of cthospecies of termites Aptcolermes desneuxi and A gurgulifex 
(Schmidt, 1955a. 1955b Emerson, 1956b) The walls of the sub- 
terranean nests are perforated by regularly arranged simple ven 
Illation pores or slits running from the surface to the internal 
inhabited chambers A d«ne«Ti builds relain ely broad scale like 
projections on the surface while A gurguUfex constructs nar 
rower spouts or gargoyles projecting from the surface The 
soldiers of the two species are taxonomically extremely close 

Elhoiype An ethotype is a behavioral race or subspecies with 
slight taxonomic distinctions The nests of Apicoiermcs angu 
slattts and A kuantuensis each have two types of slightly different 
ventilation pore constructions that are probably indicative of in 
stmctive divergence (Desneux, 1948 1953 Schmidt 1955a 1955b 
Emerson, igsGb) Each ethotype nest differs from the other m the 
lining material the shape of the conduit, and the hp of the con 
duic 

Genus All known species of Aptcolermes construct definitive 
pores or galleries within the nest waits except the most primitive 
species {A tragirdhi), whose nest has recently been discovered 
(Schmidt, 1958) No other genus of termites builds this type of 
nest Many species of the genus Cubtlermes build capped mush 
room shaped nests sn the loresis and savannas of Africa The 
umbrella like caps function to shed rain from the nest No other 
genus of termites makes such constructions AH species of the 
formicine ant genus Polyergus, are obligatory slavemakers that 
raid colonies of their ancestral genus. Eormica The subgenus 
Rapiltformica, of the genus Formica contains several facultative 
slavemaken 

SubfamUy The construction of fungus gardens from cxcre 
mentous material and harvested grass or leaves is a universal be 
havior of all species of the Macrotezmitinae so hr examined, with 
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the exception of one genus and species, Sphaerotermes sphaero- 
thorax, svhich builds what appears to he a nonfunctional vestigial 
fungus garden (Grasse and Noirot. 1948). The fungus^growing 
ants of the myrmicine tribe Attini likewise exhibit supergeneric 
behavior. 

Family. All merabers o£ the Fonniddae are strictly social or 
sodal parasites, and all possess wingless workers, except the social 
parasites in rvhich the worker caste has been lost during evolution. 
Behavioral distinctions in the femily categories are also knotvn 
for the sv'asps (Vespidae) and the bees (Bombidae, Meliponidae, 
Apidae). 

Order. The order Isoptera with over 2,000 species arranged in 
168 genera and 5 families are all strictly social and all possess a 
soldier caste, with the exception of two genera {Anoplotermes and 
Speculilermes) in which the soldier has been secondarily lost dur- 
ing evolution. 

Behavioral reactions between independently evolving taxonomic 
categories indicate the validity of the taxonomic grouping and 
the importance of the behavioral functions during evolution. A 
species of South American ponerine ant, Termitopone (Syn- 
termitopone) commutala is exclusively predaceous upon several 
species of the termite genus Synfermes (Emerson, 1945). The ants 
attack with characteristic maurauding bands (Wheeler, J936). 
Megaponera foetens of tropical Africa is another predaceous 
ponerine ant that specializes on both minute and large species 
and genera of the fungus^owing termites (Macrotermitinae). 
The myrmicine genus, Carebara, with a number of species in 
the Old and New World tropics, is exclusively composed of “thief 
ants” in the nests of two subfamilies of termites that are phylo- 
gcnetically related (Emerson, 1945). In all cases of social parasi- 
tism among the social Hymcnopiera, the genus or species 
seems to have evolved from the host genus or even from the 
host species, Charles Seevers (1957) gives a detailed and ex- 
tensive account of the reciprocal evolution of termitophilous 
alcocharine staphylinid beetles and their host termites. Although 
the theory of the phylogeny of both termitophiles and hosts is 
based upon respective homologous anatomical characters, much 
correlated behavior is knossm. Physogastry * of termitophiles is 

». 77w nrclltfig of the abdomen or other pans with glanduUr enUTrenjfnt. 
CUndubr exudain attraa and muU in trophallaxii. nulriaonal exchanze that 
inttgrater the aodety. 
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morphologically discernible and js surely an adaptation to the 
trophallacnc social integration of the hosts Circumstantial cvi 
dence (Emerson, 1955) indicates a Mesozoic origin of mutualistic 
behavior in termites and termitopbilous beetles 


Adaptive Radiation and Convergence 
OF Behavior 

The supraorganismic social unit integrated by behavior is basic 
to social evolution (Wheeler, 1911) Darwin, in the Origin of 
Species, recognized the necessity of treating the societal system as 
an entity, and Weismann (1893) elaborated its significance for the 
theory of natural selection Emerson (1939, 195*) has attempted 
to apply modem concepts of the organism to supraorgamsmic 
groupings Le Masne (1953) gives details of the evolutionary de 
velopment of trophallactic exchange that integrates eggs larvae, 
pupae, and the adult castes of ants 
Sensory communication constitutes tlie behavioral integration 
of the social supraorganism (Emerson, 1929) The brilliant ob 
servations and experiments on the sensory physiology, learning, 
and communication within the honeybee society have been sum 
marued by von Frisch (1955a) Recently an evolutionary order 
of the behavior has been indicated (von Frisch, 1955b) The races 
of the common honeybee and the four species of Apis differ 
someivhat in the dances performed on the comb by the scouts 
that communicate direction, distance, amount, and quality of the 
food source M Lindauer has discovered that the foundation pat 
tern of the dance is similar under similar conditions, but that 
there is a difference in the response to distance The ivagging 
dance is first seen at distances of about 50 meters from the food 
source in the Kramer ’ bees {Apis melUfica), at 7 meters in the 
Itahan race (A melhfica), st 5 in A fiorea, at 3 m A dorsala, 
and at 2 in A indica The dance rhythm also differs somewhat 
The dance of the Kramer bee is the most rapid, followed by 
slower rhythms in the Itahan race A dorsafa, A indica, and 

A fiorea The action radius of the spcaes differs that of A melli 

fica ranging to a distance of 2 to 3 tilometers and A indica to Soo 
meters A fiorea, with the slowest dance, does not fly farther than 

400 meters _ „ 

Behavior during the colonizmg of termites (Emerson, 

igssa) has important consequences for the reproductive isolauon 
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of the species. Reproductive isolation produces the branching 
of the e\olutionary tree and establishes complex genetic pat- 
terns in populations. Seasonal reproductive isolation occurs be- 
tween closely related species of Reliculitermes in the same geo- 
graphic and climatic area. Because mating occurs after the flight, 
genes are not readily transferred over water and other barriers of 
no hindrance to more vagile animals and plants. For tliis reason 
evolution of termites is markedly correlated with geological 
changes in the separation and junction of land masses (Emerson, 
1955), The impregnated queens of the various social Hymenop- 
tera may fly long distances over water and other inhospitable 
ecological habitats and found their colonies without the male. 

Supraoi^nismic systems have a life cycle of the colony super- 
imposed upon the life cycle of the included individuals. The 
evolutionary order of the development of the social colonies is 
amply documented. Wheeler (1933) Haskins and Haskins 
(1950, 1951, 1955) have described the foraging aaivities of the 
queen ponerine ants of the genera PromyTmecia and Myrmecta 
of Australia which progressively feed their larvae with food cap- 
tured at intervals outside the nest. Old females of Myrmecia 
tarsata, M. forficata, and M. vindex, when removed from populous 
colonies, revert to the foraging behavior of the young colony- 
founding and foraging queens of the ponerine Amblyopone 
australis ishich resembles the activities of its rather remote rela- 
ti\c, Myrmecia. Wheeler assumes that the typical behavior of the 
founding queens of the higher ants, which do not leave their in- 
cipient nest but feed their young by means of salivary secretions 
and regurgitations from the crop, is a later evolution from the 
more primitive foraging behavior of the queen. The queens with- 
out foraging behavior may live without food for over a year in 
experimental colonies. They may eat their own eggs or larvae 
and feed their Iar\ae with eggs, larvae, and pupae from the de- 
veloping colony. Tlie budding of colonies and the invasion of 
other colonies by temporary or permanent social parasites must 
be considered late stages in the evolution of colony foundation 
behavior in the ants 

The colony unit vsith supplementary reproduciives may be po* 
tcntially immortal Bodenheimcr (1937) mdicates a natural senes- 
cence or aging of the colony of several social insects, but tliere 
seems to be little evidence or any adequate theory that enables 
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US to conceive oE facton leading to innate senescence of popula 
tions aside from the senescence of the individual which in the 
social insects might be the irreplaceable queen Nonreversible 
physiological senescence of the individual has no analogy in the 
senescence of the colony with constant rejuvenescence through 
the reproductive processes ” 

Development and evolution shoiv relationships that have been 
the basis of several important evolutionary concepts Palingenesis 
or recopitulalion has been criticized by some investigators and re 
capitulation has been considered fallacious by some modem 
biologists Complex gene patterns are selected through the survn-al 
of functional attributes m the adult The genes affect develop- 
mental processes that produce the adult characters so that all 
stages of the life cycle including the genetic base the develop- 
mental sequences the aduh characters and the functional rela 
tions throughout the temporal unitary hfe cycle are interrelated 
Evolution may be detected in any systemic part or stage with a 
partial independence of functions in the spatial organization the 
temporal ontogenetic stages or the temporal phylogenetic se 
quences Gene patterns affecting functions during deselopment 
at any stage may be selected so that relatively recent adaptive 
evolution of young stages (caenogenesis) may be demonstrated 
If the adaptive function has recently evolved but is expressed in 
the adults we refer to such comparatively recent evolution as 
deulerogenests A character may appear in an early stage of de 
velopment that is homologous with a functional character in an 
ancestral adult or developmental stage Such characters may be 
reduced or much modified m function during evolution We re 
fer to the presence of these anciently evolved characters as falin 
genesis Pahngeneiic characters may appear in young stages and 
be absent in the adult or may be vestigial in the adult Sometimes 
an embryological function may be detected in a pahngenetic 
character but m some cases no embryological function is dis 
cemible 

Anatomical characters undergo progressive and regressive evo 
lution in some castes of social insects without much modification 
of the other castes (Wilson 1953 Noirot 1954) Behavior may 
be expected to show evolutionary parallels The adaptations of the 
sterile castes of termites are caenogenelic because they represent 
comparatively recently evolved adaptations of the nymphal stages 
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Neotemc evolution is also exhibited by the termites that produce 
supplementary reproductives v^ith nymphal characters Neotemc 
individuals occur in most species o£ termites, but no termite has 
lost its alate reproductives The more recent adaptations of the 
stenle castes in all the social Hymenoptera are deuterogenetic, 
rvith the major function occurring only in the postpupal adult 
C D Michener (personal communication) has evidence that 
stnctly social bees with a worker caste and mass provisioning of 
the young arose through aggregations of adult females In the 
other social Hymenoptera and m the Isoptera (termites), the 
soaetal system probably emerged from the parent-offspring rela 
tionship or family with progressive feeding of the young A stnk 
ing type of deuterogenetic behavior is seen in the worker like 
wingless queens of certain ants {Eciton, etc ) 

In both caenogenetic and deuterogenetic evolution of castes 
there are numerous structural characters that show a progressive 
evolutionary sequence toward increased adaptive function and, 
in contrast, there are likewise many examples of regressive evolu 
tion with functionless homologous vestiges of once functional 
characters The functionless vestige may occur m one caste and 
not in another in both caenogenetic and deuterogenetic caste 
evolution It seems to be a reasonable hypothesis that phj^iologi 
cal thresholds are associated with activation or inhibition during 
the trophogcmc caste determination, with identical genetic com 
position underlying the capaaties to react to physiological trigger 
mechanisms The triggers themselves are probably controlled by 
genes Othenvise we would not have the phylogenetic enlarge 
ment of the squirt gun of the nasute soldier, the reduction 
of the mandibles of the minor soldier while the mandibles of 
the major soldier remain functional in evolutionary sequences 
{SckedoThtnotermes, Rhtnalermes, Dohchorhtnolermes, with the 
major soldier lacking in the derived Acorhinotermes) the regres 
sive evolution of the worker caste in the social parasites among 
the Hymenoptera, or the regressive evolution of the pollen 
collecting apparatus in the queens of the Apidae Both behavior 
and physiology are integrated with anatomy vn the evolution of 
these supraoi^nismic systems 

Genetic assimilation (Waddington, 1953 1956) or the ‘ Baldwin 
effect * (White and Smith 1956) is an interesting evolutionary 

f The hrpoibesis that nongeneiic adaptit^ modification of the phenotype may 
be replaced by geneucally controlled modificauon See also Mayr ihu volume. 
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change in the mechanism of development Kerr (igjS 1950a, 
igsolt) gives evidence of the genetic distinction of queens and 
workers in species of Meltpona The queens of the most primitive 
species of this genus of bee, M margtnala, are heterozygous for 
tivo genes (Aa Bb) and the queens of several other species of 
Meltpona are heterozygous for Uiree genes (Aa Bb Cc) Males are 
haploid Each gene i\hen homozygous m the diploid individual 
produces a worker Trophc^enic determination of the female castes 
is the rule in the more primitive bees (Bombidae) in the more 
primitive genera of the Meltponidae {Leslnmehlta, Trtgona) and 
in the domestic honeybee and its relatives (Apidae) Therefore it 
may be assumed that a genetic substitution that triggers the growth 
processes— formerly triggered by biochemical and physiological 
processes only — ^has occurred in later stages of evolution some time 
after the phylogenetic ongm of the normally sterile worker caste 
In tins instance the caste determination by genetic mechanisms is 
secondary to caste determination by trophogenetic mechanisms In 
an analogous manner, sex and sex differennaiion arose physiolog 
ically long before genetic and chromosomal determination of the 
different sexes occurred The genetic mechanism mhlirated at a 
late stage m evolution to trigger the development of the functional 
adaptations Of coune, the capacity to react to any environmental, 
physiological, or genetic stimulus is almost invariably based upon 
a complex genetic pattern that ts inherited and itself eiolves But 
It is clear that an evolutionary feedback occurs through natural 
selection from the function to the development and genetic 
mechanisms, and that both the individual organism and the social 
supraorganism are multidimensional systems incorporating oniO' 
genetic and phylogenetic time with the spatial dimensions 
Meltpona shows no differences in sue of brood cells, while Tn 
gona and Apts have distinct queen celb In Meltpona, undiffercnti 
lirnnd rells jjn which giteens are raised are distributed at ran 
dom in the comb It seems possible that the behavior of the m orkers 
in forming the distinctivecclls may assist in the differential trophic 
treatment and trophogenic development, while the genetic de- 
termination makes such differential behavior unnecessary in Melt 
pona It will be noted that feedback mechanisms from behavior 
may affect the physiology, and feedbacks from genetically induced 
behavior (instina) may affect the genetic system in evolutionary 

Evolutionary divergence or radiation is illustrated by the spc- 
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cifically distinct \entilation pores m the ^^alls of tlie subterranean 
nest constructions of the African termite genus Aptcotermes 
Recent papers by Desneux (1948. 1953, 1956a, 1956b), Grass6 and 
Noirot (1934), Schmidt (1955a. 1955 ^. 1958). and Emerson (1956b) 
give details of the taxonomic and behavioral relationships The 
nests of ten described species are now known and two spiecies each 
have two ethotypes The observed order of relationships is surely 
phylogenetic and provides the best known case of behavior evo- 
lution 

Adaptive radiation of nest structures within a genus is well il 
lustrated by the nests of Amttermes (Emerson, 1938) This genus 
is found in both the tropics and warm temperate regions around 
the world It is panicularly well represented by species m the 
relatively and savannas, steppes, and deserts A few speaes inhabit 
rain forests in the Onent and Neotropics One speaes, Amttermes 
excellenSj is fairly common in the ram forest of Bntish Guiana, 
and this species constructs orderly rain shedding finger like pro- 
jections of the dirt canon which is thickly plastered on the surface 
of dead and living trees These adaptauons to heavy rainfall are in 
sharp contrast to the mound nests or subterranean nests of the same 
genus constructed by savanna and desen species 

The evolutionary processes leading to adaptation are more com 
plex than the processes resulting in evolutionary loss or reduction 
of a former adaptation It is probably a much simpler process to 
lose social behavior than to acquire such behavior initially (Alice 
ct al , 1949 p 677) Highly social behavior has evolved mdepend 
ently four times among insects, but it has been lost independently 
many more times Evolution of social parasitism with the loss of 
the worker caste, and loss of independent colony founding be 
havior by the queen, has occurred among the Hymenoptera in a 
numberof analogous regressions (Taylor 1939 We>Tauch. 1937) 
Examples occur among the wasps bumblebees, and ants Brovsm 
(1955) lists eleven species of myrmeane parasitic ants and suggests 
that the majority evolved directly from the host genus and for 
some forms, the host species Wheeler (1928) points out that the 
evolution of social parasitism requires less adaptive change of be 
havior when the social relationships of host and parasite are dose 
Wheeler also thought that the so-called genus Psithynts is poly 
phylciic and that the resemblances between hc«t and parasite may 
be homologous rather than analogous although he and others do 
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not assume tlie origin of Pjiihyrvs species directlj' from their host 
species (Reinig, 1933) Bombus queens sometimes enter other 
nests of their otvn species and the invader may kill the resident 
queen Bombus terrestris parasitizes B lucorum after killing the 
iucOTum queen These cases suggest the evolutionary sequence of 
parasitic behavior 

Peculiar behavior is manifested by both the social pansiies and 
the parasitized hosts Wheelenelh sattijchn queens are adopted 
by their host iv-orker ants (Monomortum) uitfiout antagonism, 
and the host ivorkers later kill their oun queen The queen of an 
Australian parasitic ant (S/rumigenjj xenos) lives with the host 
colony (S perplexa) containing host queens without antagonism 
but the host workers pay more attention to the parasitic queen than 
they do to their own (Brown, 1955) A vvorkcrlcss ant (Labouchena 
daguerrei) of Argentina parasitizes the fire ant (So|eno/>m sae- 
visstma var richleri) Four to six queens of the small dealaicd 
Labouchena mount the back of the large Solenopsu nest mother 
and cooperate with one another in gnawing oU her head As wan) 
as forty five days may be required for the decapitation TTie par 
asites seem to acquire the odor of the host queen and are not at 
tacked by the host workers The parasitic queens oviposit during 
the beheading and the host workers carry off tlic eggs and raise 
them Tlie parasitic queens arc not adopted in a definitive manner 
until the host queen is decapitated 

Cases of robberj of stored honey abound in the literature on 
bees One colony may rob the honey of a presumably weak colony 
of honeybees, and among the Mehponidae (Schwarz, ipiS) robbery 
IS fairly common between colonies of the same species and also be 
tween species Leslrtmelltla fimao of South and Central America 
seems to specialize in robbing nests of a few species of its relatn e 
Tngono, and may even destroy the occupants and take over the 
nest Its workers have regrewed pollen-collecting apparatus and 
seldom have been directly observed on flowers 
A remarkable example of vestigial behavior is afforded by the 
subterranean nests of Apicotermes erquien, in whidi nonfunc 
tional plugged pores and circular gaUcrics occur in ilic nest walls 
(Schmidt. 1955a) The related A occulius builds nests with no 
indications of external pores, but vestigial circubr galleries are 
still presenu A related but more primitive species. A rimuh/cx, 
builds irregular simple ventilation pores m the nest wall that in 
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dicate an ancestral type of nest (Desneux, 1956a) This regressne 
evolution of beha\^o^ seems to be correlated uith the more por 
ous dr> soils oE sas'annas and desert edges 

The convergent evolution oE functional analogies in separate 
phylogenetic branches is indicative of guidance by means o£ natural 
selection Analogous similanty without a possibility of a common 
ancestor that possessed the character is suggestive of fundamental 
differences in the genetic basis of the character Homology, in con 
trast, IS indicative of a shared genetic idenuty m portions of the 
gene system A number of behavioral characters may be considered 
com ergent Soaal behav lor m the strict sense arose independently 
in the termites vvasps bees, and ants Colony founding by swarm 
mg IS found in tropical and subtropical vvrasps in separate sub- 
families and in the species of different Emilies of bees living in the 
tropics 

A striking case of convergence of behavior is seen in the nests 
of tv.0 species of termites belonging to different subfamilies, Con 
stnetotermei cevtfrom and Procubttermes ntapuensis (Hmgston, 
1932, Emcnon 1938, Alice, ct a! , 1949) Each species constructs a 
nest on the side of a tree in the ram forest, each builds a senes of 
chevron shaped ridges above the nest proper on the tree trunk 
In each case the ndges angle downward and laterally from the cen 
tral axis Each senes of ndges functions to divert the vs’aier de 
sccnding the tree away from the nest- As might be expected for 
analogous behavior, there arc a number of details that differ The 
rain shedding ndges of Procubitermes are hollow tubes while the 
ndges of Comtnclotermes arc solid, more irregular, sharper, and 
with a slightly gutter like shape Another species of Procubitermes 
(P undu^ani) of the Iiun and Congo forests has a presumably more 
pnmitivc arrangement of ram shedding ndges than its congener 
and probably is an illustration of an earlier evolutionary stage of 
this homologous behavior paitcm (Emcnon 1949) 

TIjc fungus-gromng behavior of the New IVorld Attmi and of 
the Old World Macrotcrmuinac is possibly the best known and 
studied convergent behavior among social imecis Homologous 
evolutionary sequences among related genera arc detectable m the 
ants and m the termites And as would be expected in analogous 
functions there is much difference in the types of gardens, the 
methods of preparing the substrate for mycelial growth, and the 
care and liarvesting of the crops in two such widely divergent 
insect orden 
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SociAt, Homeostasis 

Homeostasis is a term coined by the physiolosist Cannon (1932 
1941) and may be defined as self regulation of optima! conditions 
of existence (Emerson 1954 1956b) Sell refen to the unit 
system at any level of integration Regulation imolves feedback 
mechanisms whether biochemical biophysical neurological or 
behavioristic that operate to decrease excess and to increase de 
ficiencies with a relative stabilization in a comparatively narrow 
range of fluctuation around an optimum Existence is the de- 
velopment maintenance and reproduction of systems at any level 
Homeostasis has survival value so that natural selection guides 
evolution in the direction of improved homeostasis The optimum 
for any given factor may be measured under controlled conditions 
by functional activity toleration and survival However optima 
are not easily measured and many factors are subtle and have not 
been investigated The optimum for one factor is not necessarily 
the optimum for another so competitive balance dominance and 
compromise emerge Regressive evolution of one part may be 
correlated with the inclusion of the unit m a higher level system 
We may find chat increased homeostasis of a supraorganism in 
volves regression of former functions m the included lower level 
unit For example one caste 0! asocial insect may have decreased 
homeostasis of the individual as social homeostasis inacases One 
species may evolve toward a reduction in certain homeostatic func 
tions as it becomes incorporated into a community system in v\hich 
there is an increase of ecological homeostasis Homeostasis often 
IS the maintenance of unbalance disequilibrium and asjmmetry 
as well as the reverse Functions may be correlated with balance 
but they may also be correlated with unbalance so that stasis 
does not necessanly mean equilibrium Homeostasis must be con 
sidered dynamic and functional If different incompatible optima 
are in competition the sptem may reduce the degree of conflict by 
spatial separation in organismic structural patterns or b) temporal 
separation in periodic functions The attainment of optimal con 
ditions for all necessities both rntemal and external is obviously 
impossible in complex living systems so perfection of homeostasis 
is unobtainable in the past present or future (see Brian 1906) 
Improvement is attainable and seems to be a major direction of 
evolution but the realized homeostasis does not eliminaic all con 
flict. competition death and extinction As a matter of fact there 
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are indications that competition and death are functional at 
optimal values and are themselves often homeostatically controlled 
During evolutionary time adequate homeostatic regulation within 
a species in a given environment may not be adequate in a chang 
ing emironment. If the change is slow, the species may keep 
abreast by evolving new adjustments (Wright, 1932) If the eco 
logical change is rapid, the evolutionary adjustment may be insuf 
ficient to keep pace, and the species may become extinct This is a 
very brief and oversimplified statement of the principle of homeo 
stasis as it influences evolutionary processes and is influenced by 
these processes Obviously the evolution of behavior fits into the 
concept, and this aspect is particularly well illustrated by the be 
havior of the social insects, as seen by the following examples 
Brian and Brian (1948) show that bumblebees {Bombus agro 
rum) regulate the time and quantity of brood by an association of 
egg laying vsiih pupal stages The authors conclude that there is 
a fairly sensitive method of regulating the time of appearance and 
quantity of brood to the capacity of workers to tend it, and that 
this has evolved in bumblebees 

The well known ‘ fanning’ actions of honeybees and bumble 
bees at the entrance to their nest is indicative of a control of ven 
Illation and temperature 

Specializauons of the reproductive castes, concentrations of eggs 
and young in nurseries” and the regulation of fecundity and 
intenndividual feeding are indicative of social homeostasis These 
regulatory mechanisms may produce periodicities in most of the 
social Hymenoptcra (Brian, 1957) The slaughter of the drones in 
the Apidae and Mehponidae is a remarkable behavior regulation 
controlling excess portions of the colony population and shoves 
that death may be both beneficial and homeostatic 
The intricate social stimulative effects of trophallactic agents 
are illustrated by the organization and periodicity of army ant 
behavior Tlicsc have been carefully studied in the field and lab- 
oratory by Sclincirla (1933. 1958, 1944, 1945, 19^7, igjg) and by 
Schneirla, Brown, and Brown (1954) The last named authors pre 
sent an analysis of the microclimatic factors m the environment 
and in tlic bivouacs of army ants {Eaton) and sliow that the biv 
ouaa regulate liumidiiy and lempcraiure in such a way as 10 lessen 
the risks of the raiding segmenu of ilic population Different 
species of Eaton vary in their bivouac sues Some arc regularly 



El OLUTIOS OF DEHAViOn AMONG SOCIAL INSECTS 5*5 

subterranean tvhile others are commonly found in derated, ex 
posed places In the species studied, £ burckelh had a much 
greater tendency to nest in arboreal situations than did E hama 
turn One may postulate that the mechanisms for homeostatic 
control of the microclimate have diverged somewhat in the evolu 
tion of species within this genus, and produce adjustments to 
general ecological conditions Ecological adaptation and be- 
havioral adaptation are correlated m this evolution The iniual 
factors are difficult to separate in ants living under different ec 
©logical conditions, but if the species live together in the same 
habitat the evolution of the behavior mechanisms may assist m the 
alleviation of competition between them 

Mounds of Formica tilkei modify the microclimate by increas 
ing the mound temperatures and the range of temperatures (G M 
Scherba in press) Moisture content of the mound is significantly 
louer than that in the adjacent soil The distribution of the pop- 
ulation within the mound is contagious The depth of the max 
tmum adult and pupal densities fluctuates in a cyclical fashion 
through the diel rhythm, and there is evidence that this fluctuation 
primarily occurs in response to regular temperature changes within 
the mound The mounds of this ant therefore may present a range 
that enables the ants to select optima for variable functions during 
development and social activities 

Regulation of the food supply is attained by the fungus growing 
Altini among the myrmecinc ants Weber (1956) shows that 
Trachymyrmex septentrionalis maintain a pure culture of their 
fungus despite continuous contamination Possibly antibiotic and 
growth promoting factors are present in the feces and saliva of tlie 
workers 

A remarkable homeostatic control over the production and 
regulation of reproductives has been demonstrated by Luscher 
(19533 1952b, 1955) in experimental colonies of the lermite 
Katotermes (iavtcollts 

Termite nests regulate optimal conditions of the individual 
and social environment (Emerson, 1956a) Nest construction and 
nest position regulate predation, and Uus protection is augmented 
by the soldier caste Sanitation of the nest is indicative of be 
havioral homeostasis and a number of termite species are known 
that remove their excrement and bury or cat their dead 
tion of the food supply is shown by the concentration of gathered 
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leaves or plant parts m storage chambers Fungus-growing agncul 
tural behavior may be considered a regulation of food supply 
that is charactensiic of the subfamily of the Macrotermitmae 
Nests that prevent flooding by rainwater have already been dis- 
cussed Many nests regulate atmospheric humidity within the nest 
chambers (Fyfe and Gay. 1938) Termites as a rule (there are some 
exceptions) die rapidly m dry air Their normally moist chambers 
m wood soil, or constructed nests have probably been a factor m 
the regressive evolution of former cuticular protections against 
evaporation Experiments indicate that many species of termites 
will move toward moist air when presented with alternatives m 
a humidity gradient (Emerson, 1956a) Termiiophilo m the nesu 
also exhibit equivalent orientation to humidity Differential tolera 
ation to drying has been demonstrated by Strickland (1950) Those 
species tested that build deflnmve nests also orient to high hu 
midities, and it is indicated that the inhabited nest structures 
maintain an optimum high humidity Such regulation through 
n«t building behavior allows certain species to inhabit ecological 
niches from which they isould othciw ise be eliminated 
Temperature does not seem to be homeostatic in most termite 
nests, but the stnkmg onentation of the nests of Arnttermes mend 
tonalts in tropical Australia does suggest temperature regulation 
Temperature has an effect upon humidity, so possibly temperature 
regulation has evolved through selection tov\ard a homeostasis of 
humidity within the nest Mound nests and arboreal nests probably 
have a greater variation in their internal temperature and hu 
midity than the soil at moderate depths below the surface, and 
many termites nest in subterranean habitats coming to the surface 
only for foraging and for their colonizing flight Variations m soil 
water must be great in some localities, and mounds probably pro- 
vide a vertical gradient that allows the population to move up and 
dov\Ti over short distances toward more optimal conditions By 
such behavior they maintain ecological position in a relatively 
uniform or narrowly fluctuatmg environment and ease the prol^ 
lems of maintaining internal individual homeostasis Social homeo 
stasis of gaseous content of the nest seems to be accomplished by 
numerous species of termites Examples are afforded by the suf^ 
terranean nests of Apicotermes, the mound nests of many species 
and the ventilation 'chimneys' of certain species particularly 
among the Macrotermitmae ^uscher, 1955) Arboreal nests are 
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typical for some species, notably for a majority of the species of 
Nasutilemes, and the necessity for ventilation may be a partial 
explanation for their ]ocation and the consistency of the \ralls 
Maintenance of physiological homeostasis m the individual 
OTgimsm may necessitate regeneration of lost parts Regenerative 
behavior in the replacement of nests or nest parts maintains social 
homeostasis (Kingston. 193s, Emenon. 1938, 1956a) 

Intraspecific combat and competition are sometimes considered 
as antisocial (Schneirla, 1946) Although cooperative reactions 
occur in physiological and behavior systems botli within the species 
and between species, the existence of conflict and combat convinces 
many biologists and sociologists that there is no universal trend 
toivard cooperation In the minds of some scientists homeostasis 
IS conceived as resting upon cooperative interactions, and any 
manr/esfation 0/ a lack of cooperation is considered to be a refuta 
tion of the principle of homeostasis as consiuuting a general trend 
in evolution (see Nicholson 1933) I shall here attempt to reconcile 
these points of view and to include both conflict and cooperation 
under a common theory (see Birdi, 1957) 

Populations that have not evolved together might reach equi 
librium after being placed together, but in evolutionary time this 
equilibrium is almost certain to be influenced by the reciprocal 
selection pressures set up by the tntenctwg populations Compe- 
tition is a very important aspect of natural selection (Park, 1954) 
and results in much progressive evolution and balanced ad 
justment It influences the cvoluuon of improved homeostasis, 
whether the unit be an individual or^nism, an intraspecies group 
or an interspccies system 

Competition, exploitation, interference, conflict elimination, 
and inhibition may be assumed to o<xur between members of the 
same caste, between castes in the same colony, between colonies of 
the same species, and between species with various degrees of 
phylogenetic relationship and habitat association Extrinsic and 
intrinsic influences affect every type of organization There may be 
a combination of internal and external factors that attracts and 
repels individuals and populations with varying intensities and at 
various limes If repcllcnce dominates, noncontagious distribution 
results (Emerson. 1956a) If attraction dominates aggregations and 
group systems emerge Penodiaties of both the atmctiie stimuli 
and the repellent stimuli may be expected Sexual altraclioa re 
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sponses to food, and responses to rh>thms m the environment a£ 
ford many examples Temporary dominance of one factor over 
another mdependent factor may also be expected under particular 
physiological and ecological conditions For example, termites vmU 
come into an unfavorable environment to rescue their young ivhen 
the nest has been broken, but will not appear m the same physical 
environment if no young are in need of assistance They vmII also 
cany certain termitophiles (Spirach/hfl) into shelters m tile same 
manner as they protect their oum nymphs 

Combat between members of the same colony of social insects 
has been observed rather rarely Pardi (1948) reports a social hier 
archy among female u'asps m the polygynous colonies of Polistes 
galhms, with individual dominance and subordination assoaaied 
with reproductive capacity and ovanan growth Elimination of 
queens by other queens has been observed among v-anous Hyme 
noptera In the parasitic ants, the host queen may be killed by her 
own worker offspring some lime after the inv’asion of the parasitic 
queen Combat to the death between supplementary queens of 
termites has been witnessed in obsemtional colonies (Emerson, 
1933b) Although by far the majority of termite nests contain a 
smgle roy-al pair, numerous insunces of multiple kings and queens, 
both primary and supplementary, are knowm for termites, with 
obvious tolerance for each other over long periods of time Ex 
perimental production and elimination of supplementary repro- 
ductives m colonics of Kalotermes fiavicollis have been observed 
and analysed (Luscher, 1952a, ig52b, 1953) 

Talbot (1943) made a study of populations of a single species 
oiznt, Prenolepis tmpans She noted two types of foraging activity 
(1) exploring, and (2) trailing after odor trails to large amounts 
of food were established No colony maintained a foraging ground 
territory which it defended against invasion from other colonies, 
and each piece of ground might be crossed by ants of several 
different colonies However, bits of fruit were strictly ‘ private 
property ’ for a <x)Iony and were defended with fighting if neces 
sary (also see Bnan, 1955) 

Termites from different colonies usually fight each other when 
placed together expenmentally The loser is generally killed and 
later may be buried m cxcrementous droplets by numerous 
workers Colony intolerance and even speaes intolerance may be 
expenmentall) overcome by fusing the colony odors by means of 
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anesthetics or refrigeration and allotting the once antagonisttc 
tndtviduals to recover front tramobihzation together (Dropkm, 
1940) Both colony and species intolerance produced by changeable’ 
odors has been described for soaal tvasps bees, ants, termites and 
termitophilous beetles 

Interspecies exploitation is str]kingl)r dramatic in robber bees, 
thief anu. social parasites, and the slave raids of the sanguinary 
ants (Talbot and Kennedy. 1940. Alice et al , 1949) In these in 
stances there is little question that the adjustment betiseen the 
species has evolved through natural selection In general one may 
expect that the attractions of the nest, the attractions of food, and 
the repellents in the form of other colonies of the same or different 
species occupying simibr ecological niches may limit the colony 
temiories There is no doubt that the presence of other colonies 
of the same species sets up competition that limits the territory 
of a given colony There would also seem to be little doubt that 
social efficiency is associated with optimal colony size, so that com 
petition not only is inevitable but may be assumed to be beneficial 
at optimal values (Brian, 1953, 1957) 

Conflict and competition as nelf as exploitation of one part by 
another seem to be present always to a greater or lesser degree 
within any organism or population system Behavior is aht«ys in 
volved among the social insects Even without adequate quantita 
live data, it seems to the author that there is more competition and 
conflict as one moves from the simpler systems to the more com 
plex and inclusive systems I should judge there is less unbalanced 
competition within the cell than between cells, less within an in 
dividual organism than between the sexes and siblings, less mthin 
the simple family than m the complex family or interfamtiy sys 
tem, less within the colony or social unit than between colonies 
less between colonies of the same species than between species 
There are probably excepfxons to such a sequential order, as may 
be illustrated by the interspecies relations of the myrmecophiles 
and termitophiles mth their hosts or the mutualisuc interdepend 
ence betsveen cellulose eating termites and their intestinal ccl 
lulose digesting flagellate symbiotes 

In all of these cases of conflict and competition there is fitely 
to be survival value tor defensive adaptations limited aggression, 
toleration, and mutualism When ecologically equisalent species 
come in contact n.th each other for the flrst ttme through mtroduc- 
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tion or experiment, either the competitive endemic species elim- 
inates the other (usual) or it is eliminated (less usual) (Park, 1954)- 
Species that have lived and evolved together over long evolutionary 
periods tend to become more tolerant and evolve methods of de- 
creasing the competition by either spatial, ecological, or periodic 
separation (Brian, 1955). The explanation of this trend is to be 
found in the fact that conflict and competition are also often as- 
sociated with mutual interdependence, so that a reduced tendency 
to eliminate the competitor may have survival value. 


Conclusions 

j. The intraspecies group system is a prime unit in evolution, 
without excluding the primacy of other units such as the individual 
organism or the cell. 

2. The group is often the unit of natural selection leading to 
adaptive evolution. 

3. The group unit probably exhibits genetic variability by 
means of mutation and sexual recombination, and also establishes 
complicated genetic patterns by means of reproductive isolation 
and selection. 

4. Like the organism, the group unit exhibits analogous division 
of labor, integration, development, grov/th, reproduction, homeo- 
stasis, ecological orientation, and adjustment. The term supra- 
organism seems amply justified for the insect society and may also 
be applied to other group systems. 

5. Behavior is likely to be emphasized in group integration, di- 
vision of labor, and social homeostasis, as contrasted to the bio- 
physical, biochemical, and physiological mechanisms of proto- 
plasmically continuous or contiguous individual organisms. 

6. Behavior rests upon physiology, development, and genetics 
in varying degrees. The genetic component may be relatively di- 
rect in the case of instinct, or indirect through potentials of re- 
action in associational learning, plastic response, imprinting, 
conditioning, reasoning, and intelligence. 

7. Genetic behavior is subject to all of the evolutionary proc- 
esses knowm for genetic systems in general together with their 
philological and morphological aspects. 

8. Behavior mechanisms are predominantly analogous to ob- 
served physiological and structural adaptations, but the adaptive 
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mterrelatjons are so correlated that it must be assumed that the 
system as a whole m its functional activities forms a web of inter 
actions with many feedbacks 

9 Because of many feedbacks in homeostatic mechanisms, 
cause and ejfect are not necessanly linear m the organism or m 
eiolutionary processes It is incorrect to state that any one attri 
bute of the organism is more basic than another in the functional 
unit during development or evolution In other ivords, the bio- 
chemistry of the gene is as much determined by the ultimate func 
tional effects as it determines the subsequent functions ^Ve are 
obviously dealing with a multidimensional system which incor 
porates ontogenetic and phylogenetic time with its spatial dimen 
sions 

10 Behavior is as much a part of homeostatic regulation of 
optimal conditions of existence as is any other aspect of the organ 
ism. and social homeostasis is as important a directional trend in 
the evolution of social systems as is physiological homeostasis of 
the individual organism 

11 Social insects provide the best proof of adaptive evolution 
without the possibility of the inheritance of acquired somatic and 
behavior characters in tf^e Lamarckian sense 

12 Social behavior in the strict sense u found only among 
social insects and humans A society is defined as a group that 
manifests systematic division of labor among adults of the same 
sex Most social behavior of insects is genetiaJJy deteirained, 
while most social behavior of man is culturally determined 
through symbolic communication (Emerson 1954) Although this 
great difference m the basic medianrsms of social evolution lies 
at the root of the uniqueness of man as contrasted to the so- 
cial insects, symbols have many functional attributes of genes 
Variation, isolation, and selection are operative factors in the 
evolution of both genetic and symbolic systems Many significant 
functional analogues occur in the evolutionary processes and mam 
festations of the social insects and soaal man A careful compan 
son of the differences and similarities of social evolution may be 
expected to give us some basic understanding of societies m 
general 
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Part Four 


The Place of Bekamor in the Study of Evolution 


Pk£C£D]nc chapters hsvc been extensively* 
concerned with the pertinence of evolution to the 
study of behavior The strong but artificial barrier 
that tradition and university organization have 
erected beiiveen psychology and biology needs to 
be crossed not only m that but also jn the opposite 
direction It is true that zoologists have long been 
concerned with the fact that their objects of study 
do have behaviors Nevertheless, a has certainly 
not been sufficiently recognued that comparative 
psychology is also a branch of zoology and that be 
havior is an element, essential but often omitted, 
in the understanding of biological evolution The 
next three chapters demonstrate that this is true, 
with examples in three distinct fields of evolution 
ary studies 

The existence of species specific behavior, dis 
cussed from a different point of view in Cliapter 
1 ?, has the corollary that behavior traits may be 
specific characten in a taxonomic sense Chapter 
i6 not only demonstrates the ralidity and useful 
ness of that observation but also 5ho^^•s that the 
whole subject of systematica, with m phylogenetic 
basis, IS illumined s^hen behavior is included with 
due emphasis- 

One of the most crucial elements m the whole 
evolutionary process is speciaiion, and the various 
isolating mechanisms are hereof major importance 
because wiihoui them speaes of common ongin 
cannot become and remain separate, that is. speaa 
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tion cannot in fact occur. Isolating mechanisms are 
extremely varied and many of them arc not directly 
behavioral. In Chapter 17 it is pointed out that 
there is generally a behavioral clement in the rise 
and maintenance of genetic isolation and that be- 
havioral isolation may become predominant Avhen 
other isolating mechanisms are weak or lacking. 
Behavior involved in mating has the dual function 
of promoting in-group mating and impeding out- 
group mating, and examples demonstrate how 
highly diverse and intricate may be the various 
behavioral elements in the latter, isolating func- 
tion. 

Throughout previous chapters it has always been 
implicit and frequently explicit that behavior is an 
outcome of the historical process of evolution and 
subject to the general principles of biological evo- 
lution to no less degree than morphology or physi- 
ology, Adapution, a (but not necessarily the) 
universal product and process of evolution, has 
usually been thought of in morphological and 
physiological terms. In planning the conferences 
and symposium it seemed desirable at this point 
to spell out the fact that behavior b adaptive to 
the same degree as morphology or physiology and 
to exemplify behavioral trails that are plainly and 
specifically biological adaptations. The author of 
Chapter 18 did thb in the conferences, and has in- 
cluded in the latter part of his revbed text two 
detailed examples that may be taken in thb tvay. 
However, for good reasons given by him, in hb 
final revbion he changed the topic and the ap- 
proach radically. The chapter is now primarily 
devoted to the definition of adaptation, to the 
equation of adaptation with organization, and to 
clarification of the relationship between organiza- 
tion and natural selection. This skillful theoretical 
treatment of the central problem of evolutionary 
biology b invaluable, but it b admittedly here 
somewhat out of place in the sequential develop- 
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meat of the book's whole subject. If the editors had 
anticipated the breadth of this text as finally re- 
ceived and its general theoretical nature, they 
might have placed it with, or substituted it for. 
Chapter i. After consideration they have neverthe- 
less left it where it is, wteb the feeling that a sum- 
ming up and redirection of concepts of adaptation, 
organization, and natural selection are after all not 
inappropriate following- the preceding range of 
specific topics. 
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Behavior and Systematks 

Ernst Mayr 


IIAKVAKD UNlVEKStTY 


One can discern two major interests and approaches withm 
any branch of biology, the functional and the evolutionary Most 
of the misunderstandings in biology arc due to the fact that tsork 
ers who are interested in only one of these two approaches are 
incapable of understanding the other approach and express this 
in intolerance The normal approach of functional biology is to 
concentrate on a single zygote (or parts of one) and to ask “How 
does It operate? ’ It investigates the hou and why of any change 
occurring m an individual It deals with growth, differentiation, 
regulation, and related subjects Its chief method of research u 
the experiment 

The evolutionary approach is quite different It concentrates 
on the characteristics of organisms and asks ' How did they get 
that way? Its method is that of historical research, involving 
comparison and the correct establishment of sequences It deals 
with populations, genetic change, selective values and biological 
significance Observation and the analysis of populations are m 
general the mcihods equivalent to the experiment of the func 
tionahst. although the experiment also has its place in evolu 
tionary research 

Physiological and population genetics illustrate these tv.o com 
plementary approaches in genetics In other branches of biology 
there are comparative embryology and experimental embryology, 
comparative physiology and cellular physiology, etc The study of 
behavior is no exception Thu field may be divided into func* 
tional or physiological psycholt^ and evolutionary psychology 
Until recently the emphasis has been almost exclusively on the 
physiological aspects of behavior, on the effects of learning and 
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experience in a single individual, and on the functional relations 
between behavior and the nervous system. If an author was inter- 
ested in "comparative” psychology he compared the performance 
of a rat in one kind of maze with that of the same rat in a ditteren 
kind of maze. Until recently, studies in the evolution of behavior, 
truly comparative psychology, have been incidental and unsys- 

tematic. . 

The spheres oE interest of the workers in these drastically an* 
Eerent fields oE psychology have in the past overlapped very little. 
This is one oE the reasons why we are so Ear from having a classi- 
fication oE behavior elements. When speaking oE behavior, one 
author has in mind various phenomena oE learning and conai- 
tioning, a second one an analysis of reflexes, and a third one a 
comparative study of species-specific movements employed in 
courtship or aggression. All this, and more, is behavior, but until 
this rather chaotic assemblage of facts is classified, it is difficult 
to use it for correlations, such as are indicated in my subject, be- 
havior and systematics. 

The Comparative Study or Behavior 

Ideally, a comparative study of behavior should include every 
single behavior element in all the species of an entire higher 
category of animals. A systematic effort to achieve this is at the 
present time impossible for two reasons. As stated, no consbtent 
classification of behavior elements is available, nor is any group oi 
animals sufficiently well knoivn to permit tracing individual be- 
havior elements or behavior patterns throughout the entire group. 

\Vork in mammals, for instance, deals almost exclusively 
single species in a genus, or at best a few species in an entire 
family. Information on birds is more complete owing to system- 
atic work such as that of Tinbergen and associates on various 
species of the gull family, of Heinroth and Lorenz on ducks 
(Anatidae), and of Hinde and others on finches. Work in fishes has 
concentrated on sticklebacks and cichlids, where good compara- 
tive work is available. A great deal oE information on insects, par- 
ticularly social insects, has been published, and our information 
is building up rapidly. The same is true for grasshoppers as a 
result of the work of Faber and Jacobs. The most complete study 
of the behavior of any group of related species is that of Spicth on 
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Drosophila Much work has also been done on spiders (Crane), 
fiddler crabs (Crane), slugs (Gerhardt) and other isolated species 
and genera Still not a single complete or even nearlf complete 
inventory of the behavior patterns in a single family of animals is 
as yet available 

The backward state of the Seld of animal behavior is to a con 
siderable extent, due to the former absence of working hypotheses 
and heuristic schemes As a consequence most former work 
amounted to little more than the accumulation of raw data It is 
the particular merit of Lorenz to have provided a set of hypotheses 
and theories which have tremendously stimulated research in this 
area This is a merit which is not decreased even if some of these 
hypotheses were oversimplifications or even entirely wrong The 
mam body of his concepts has been accepted by most students of 
animal behavior There is now hope for a synthesis in this field, 
such as has been achieved recently in the field of evolution 
The comparative method is even more important for the study 
of the evolution of behavior than for that of morphological fea 
tures The conclusions of comparative anatomy can be tested by 
the paleontologist, who either substantiates or disproves them 
with tlie help of fossil material There is no such recourse for the 
ethologist, since behavior does not fossilize 


Classification and the Phylogenetic Method 

Evolutionists have frequently exprewed their surprise at how 
little the classification of better knoivn groups of animals was 
affected by the establishment and acceptance of the theory of 
evolution Actually, there should be no surpnie, in view of die 
taxonomic method and the premises of the theory of evolution 
Good classifications are based on a multitude of characters and 
there is no other probable way to account for iv^o orgroismi agree 
ing m the majority of their characteristics than descent from a 
common ancestor The phylogenetic method u largely baied on 
this reasoning 

The extension of the phylogenetic method from purely mor 
phological to behavior characters is based on the same conndeni 
tion Students of behavior found again and again that species or 
Ecnm. which had been placed next to each other on the lam 
of morphological diaracicnsucs also agreed or vvcrc similar m 
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their behavior patterns Again this should not have been a sur 
pnse, since these forms share a common heritage and since mucn 
behavior, particularly species specific behavior, has a genetic basis 
Following the pioneer efforts of Whitman and Heinroth, increas 
mg attention is being paid by systematists to study of the behavior 
element 

Similarity in behavior between two species, however, does noi 
necessarily mean common descent The student of behavior, just 
like the morphologist, must make the distinction between ho 
mology and analogy The decision between these two alternatives 
IS even more difficult for the ethologist than for the morphologist 
When m doubt, the morphologist can always fall back on Owen s 
cnienon of homology, that of position The impossibility of a 
stnct application of this criterion has induced at least one mor 
phologist to deny the propriety of extending the concept homo! 

to behavior elements This would seem an unnecessanly 
restricted position m view of the modem biological and evolu 
tionary meaning of the terra homology But what criterion can 
the behavior student use to establish a homology? His method 
will be the same as that of the pre Darwinian taxonomist He will 
base his conclusions on the sum total of behavior characters The 
more behavior elements are consistent with a postulated phylog 
eny, the greater the probability that the phylogeny has validity 
If the postulate of the equivalence of morphological and behav 
lor characters is correct, then we should find the same phenomena 
among behavior characters as among morphological ones There 
should be nongenetic variation, intrapopulation variation, geu* 
graphic variation, species specific characters, group characters, and 
polyphyleiic characters, there should be primitive and advanced 
characters, and parallel evolution To be sure, the available evi 
dence is as yet somewhat scanty, but it indicates that all this vana 
tion of morphological characters is indeed paralleled by behavior 
characters Some of the evidence for this statement will be prc 
senled in subsequent secuons of this chapter 

From the point of view of usefulness taxonomic characters 
range between two extremes those that are so invariable in ^ 
large taxonomic group that they are useless for classification, like 
the two eyes of vertebrates, and those that are cither so vanable 
or so easily affected by the environment that they do not even per 
mit discnmmauon between closely related taxa, like size or color 
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in some animals Between these extremes are those characters 
which are constant within a given taxonomic group (species 
genus, family) but vary between it and another taxonomic group 
There are many behavior characters that fall into this category 


The Utilization of Behavior Characteristics in 
Classification 

The evidence supplied by morphological characters is some 
times ambiguous, and behavior characteristics supply m such cases 
valuable supplementary information Some structural characters 
are very superficial and lead to evidently artificial groupings If 
there is a conflict between the evidence provided fay morpholog 
ical characters and that of behavior the taxonomist is increasingly 
inclined to give greater weight to the ethological evidence This 
has led to a number of recent improvements m the classification 
of certain groups of animals The following may be selected from 
a large number of cases 

I Three European species of grasshoppers, ParapJeurus el 
haceus, Mecosielkus grossus, and Atlopus ihalasuntu, used to be 
classified with (he subfamily Acridmae on the basis of morpho 
logical characters However, Jacobs (1955) found that these three 
species agree m various behavior characteristics much better with 
members of the subfamily Ocdipodinae, and subsequent analysis 
has revealed some morphological characteristics which support 
this shift 

a The crag martins (Ptyonoprogne) have been customarily 
placed near the bank swallows (Riparta) or even been united with 
this genus Mayr and Bond (1943) pointed out that the nesting 
habits of the Cuo kinds of birds differ drastically and suggested 
that the crag martins be placed near the bam swallow group 
(Htrundo) because, like the latter, they build a nest from pellets 
of mud while the bank swallow digs tunnels into sand banks The 
new taxonomic placement is supported by the voice of these 
swallows, and by concealed white spots on the tail feathers of crag 
martins, a sign stimulus also found m Htrundo but not in Riparta 
This case illustrates how even the slightest clue must be utilized 
to determine relationships m a group as morphologically uniform 
as are these swallows The same has been shown by Uck (1956) 
for the family of swifts 
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3 Stud.es by He.nroth (.qt.) on the behavior of ducks y.elded 
many results at vanance with the accepted class.ficat.on. «h.<* 
was based on morphological characters Using this ethologira 
formation as well as additional characters (including the color ot 
the downy young). Delacour and Mayr (1945) proposed a radical y 
new classification In this the diving ducks rvere split into tsv 
groups, fresh water divers (pochards) and sea ducks, the mer^n 
sers {Mergus) were associated with the golden-eyes {Glaucionetta), 
the wood duck {Aix) removed from the nver ducks (Anatini). etc 
These findings have been largely confirmed by subsequent inves- 
tigation Where modifications were proposed (eg separation 0 
the eider group and the merganser group), the reasons again were 


in part the result of behavior studies 

4 In a recent reclassification of finchlike birds, Tordoff (ig54) 
associated the genus Fungtlla (chaffinch and relatives) with the 
New World finches Andrews and Hinde (1956) were able to shorv^ 
however, that Fnngilla agrees m its behavior much belter svith 
the Old World finches (Carduehnae), and Mayr (1956) came inde 
pendenily to the same conclusion on the basis of morphological 
entena 

In all the stated cases a species, a genus, or a group of genera 
vras shifted from its traditional place in the zoological system to a 
new position as a result of the study of behavioral entena The 
neiv arrangement was subsequently confirmed in all these cases by 
new or re-evaluated morphological evidence 


Behavior Elements as Taxonomic Characters 

Taxonomic characters have a dual function (Mayr, Lmsley, 
Usinger, 1953) They have a diagnostic value (permitting the 
discnmination between similar taxa) and they have an assoaative 
value (permitting the grouping together of related taxa) A fc"^ 
examples, listed in the next two sections will show that behavior 
characters share these characicrisucs with other taxonomic char 
actcTS 

I Behamor Characlers in Taxonomic Discrimination 

In a number of recently described cases, a study of behavioral 
attributes permuted much finer taxonomic discrimination than 
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was possible with the use of morphological aitena A few exam 
pies of this may be mentioned 

The conventionally recognued family of titmice ( 'Paridae ) 
of the ornithologists has no morphological characters that nould 
permit further subdivision Yet the nest building habits indicate 
that the so-called family is a somewhat artificial assemblage of 
four, perhaps not closely related, groups of birds The first com 
prises the true titmice {Parus and relatives), svhich apparently 
ahva5^ nest m hollow trees or other cavities The second group 
consists of the long tailed tit {Aegtthalos), the bush tit {Psaltri 
parus) and related forms, svhich build an oval nest with lateral 
entrance in bushes and trees, and which are very social birds, all 
members of tins group have essentially the same habits and call 
notes The third group consists of the pendulme titmouse (i?emi2) 
and Its relatives, which build a peculiar retort shaped nest of 
plant doivn ivorked into felthke consistency (the nest being similar 
to that of some flowerpeckers, Dicaeidae), and finally the bearded 
nijnouse (Panunis), which builds a stick nest with a Jateral en 
trance and which by this and other habits is unmasked as belong 
xng to the babbler family (Timalndae) The study of behavior 
thus not only indicates that these four groups of genera are not 
very closely related but also provides clues for the pnaper placing 
of some of the forms 

The weaver finches (Esinldidae) have always been considered 
one of the groups of weaver birds (Ploceidae), and some of the 
older authors did not even separate them in a distinct subfamily 
Steiner (1955) hosvever, presents evidence, most of it derived from 
the study of behavior, to show that these two groups of seed 
eating birds of the Old World tropics are not related (Table 16-1) 

A study of the method employed by various groups of grass 
hoppers in cleaning their antennae has confirmed the justification 
of giving them family status Gryllidae, Tettigormdae, and other 
groups with long antennae dean them with the help of their 
maxillae The Acrididae place a leg on one antenna and dean the 
antenna by pulling it through betsveen leg and substrate The 
Tetngidae (and this is one reason why this group of genera is 
placed m a separate family) dean the antennae by stroking them 
with the legs and the latter m wra by pulhng them through the 
mouth (Jacobs, 1953) 
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Behavior characters have proven particularly useEul in dist m 
guishing morphologically very similar species, the 
ling species' This is true for sibling species in many 
animals (Mayr, 1948) For example, in a study of the wasp 


Table i6 i 


Character 

Estrildidae 

Plocetdae 

1 Nest 

A globular structure of 
small twigs or grass stems 
with lateral entranix 

Usually a finely woven 
structure often hanging 
from twigs 

2 Fair bond 

Tightly knit often lasting 
through years 

Either no pair formation 
or polygamy or a pair 
bond of short duration 

j Parental care 

Nest building incubation 
feeding of young jointly 
done by both parents 

Most parenul duties p« 
formed by the female 
alone 

4 Tail movemenu 

Lateral 

Vertical 

5 Couruhtp posture 

Slid upright with wings 
pressed against the body 
Stereotyped repetiuon of 
song strophe 

Excited courtship dances 
with wing fluttering and 
occasional display flights 
Noisy chatter 

6 Incubauon 

From first egg on young 
hatch with daily miervab 

After completion of 
clutch young hatch « 
mulianeously 

7 Tongue gape and 

With peculiar tpeaes or 

Without markings or 

throat of nestlingi 

genus specific pigroenl 
spots and papillae 

papillae 

6 Feeding of nestlings 

Take regurgitated food 
from the crop of the par 
cnL 

Normal food begging 
Parents feed with the biU 

9 Begging of young 

Without wing flutter 

With wing flutter 

10 Nest hygiene 

Droppings of young not 
removed 

Droppings of young re 
moved by parents 


mophila campestus Adriaame (1947) noticed that some individ 
uals had a behavior pattern ivhich agreed with previous descrip* 
tions, others had an aberrant pattern (Table 16 2) The latter 
turned out to be a neiv species {A adrtaanset) In several other 
cases behavior gave the first clue to the discovery oE sibling species 
In the North American fireHies of the genus Photurts, Barber 
(*95*) discovered several sibling species on the basis of the num 
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bcr. timing and colonngot the Htsh signal. For further examples 
see E\’am (1953) ^ 

a Bchmtor CharacItTuha in Taxonmtc Graupmg 

Behavior chatacten are laxonomiallj' useful not only for the 
separation of taxi but also in giving clues as to the relationship 
of taxa of uncertain taxonomic position The interesting group 
of desert birds called sand grouse (PJercclclidse) has doivny young 
which greatly resemble young grouse (Tetmomdac) For this rea 


EthoJasM Chsreeler 

Nen hole filled viih 
nutena] trom 

Choice of food 

Sequence 0! egg lading 
end pioviilonlng 

breeding «euon 


Table 16 2 

eampfstra 
a quarry 

uwfiies 

Fir« egg then prey 

Earl er ending in 
Augvut 


ttdrtaanset 
Down in 

caterpiltan 
F>ni prey then egg 

Later until middle of 
Septmber 


son, these birds ".ere long considered to be one of the femilics 
of gallinaceous birds Comparative anatomists however discov 
cred some structural features allying the sand grouse with the 
pigeons A behavior character strongly supports this assignment 
While all other birds sshen drinking ivaier scoop it up with their 
biJJs and then let it nin doivn into their stomachs by lifting head 
and neck, pigeons have a very different dnnking behavior They 
stick their bills into die water and simply pump it up through 
the esophagus The fact that sand grouse ar^ the only other group 
of birds with this behavior strongly reinforces the anatomical find 
mgs ivhich place them ne\t to the pigeons 

Another case is the family of boweibirds (PtihnoThynchidac) 
All the eight genera of this fascinating family are rather different 
from each other in color, and on the basis of morphological cri 
tena they svere variously separated into three to five subfamilies 
However Stresemann (1953) and hfarshall (1954) showed that 
previous classifications were artificial and that on the basis of 
bower construction the [oUowmg three subdivisions could be 
recognized (a) stagemakers and catbirds (Ailuroediis Sceno 
pceetes. and perhaps the poorly known Archboldia) (b) Afaypole 
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bo«er builders {Prwmdura. and (c) avenue bower 

Ldders {Senculus, Pltlcorhynchus. Chlamydera) Su^bd.v.s.om 
(a) and (b) have svh.te eggs, (c) has colored eg^ with a highly 
charactenstic pattern o£ streaking The absence o£ bower building 
in Cnemophtlus, ahvays considered a bowerbird, resulted in a 
tomical investigation which showed that it is actually a bird ot 


The relationship of the spider rvasps {Pompiltdae) is another 
problem solved ruth the help of ethology On morphologica 
grounds they are so distinctly set off from other rvasps that they 
are not placed in any of the major families Yet a study of Ae 
behavior traits of this family leaves no doubt that they rvere e 
nved from bethyloid scolioid stock and have evolved indepen 
ently of other stocks of rvasps (Evans, 1953) The follorving com 
bination of behavioral characters defines the family, according to 
Evans, as clearly as any comparable set of morphological char 
acters (t) All utilize spiders as larval food (This occurs, of course, 
also in some other families, as in the mud daubers) (2) All stock 
the nest cell rvith a single paralyzed prey (a habit otherwise ex 
hibited principally by certain Scolioidea and Bethyloidea) (3) 
transportation to the nest, the spider is seized in the rvasp’s man 
dibles and dragged backrvard over the ground (some Bethylidae 
and Ampuhadae share this behavior, some Poropilidae lack it) 
(4) To close the nest the female rvasp pounds dorNTi the earth ivith 
the apex of the abdomen, or m mud users uses it as a troivel for 
manipulating the mud (other mud daubers use the mandibles 
and legs for this purpose) (5) The nest is often prepared after the 
prey has been taken (as ivith many Bethylidae) 

In all the ated instances, behavior characters have established 
previously unknown relationships or have confirmed one that had 
previously been only tentatively established It is important to 
stress that there are many behavior traits, such as the method of 
drinking of pigeons and sand grouse, vshich are characteristic for 
entire higher categones (genera, families, orders, or classes) All 
the available cv^dence indicates that in their genetic basis as v\ell 
as in their phylogenetic history such characters are completely 
equivalent to morpholc^ical characters which have a similar taxo- 
nomic disinbution 
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POLYPHYLETIC AND ANALOGOUS CHARACTERS 

Tlie systcmatist must be aware at all times of the shortcomings 
of the phylogenetic method Similarities between two kinds of 
organisms do not always prove common descent The same be 
havior may occasionally be acquired independently m unrelated 
or distantly related forms A “rattle flight has evolved not only 
m some grasshoppers of the subfamily Oedipodinac but also in 
unrelated genera of Acndidinae (Jaaibs, 1953) Small species of 
gulls (Moyniban, MS) and small herons (Meycmecks, MS) tend 
to utilize aenal displays much more commonly than large species, 
regardless of relationship 

Parallelisms and analogies are particularly common m all types 
of behavior that are strictly functional such as food getting or 
locomotion Birds which have similar food habits such as those 
which crack seeds (Emberizidae, Fnngilhdae, Ploceidae Estnldi 
dae, Fsittacidae, etc), which prey on mice and other small verte 
brates (hawks, owlsX which fe^ like fljcatchen (Tyrannidae 
Muscicapidae, Todidae, even some Alcedinidae, etc), ivhich feed 
on nectar (Trochilidae, Nectanniidae, Meliphagidae) and which 
have otherwise similar feeding habits show many similarities mis 
takenly considered as indicating relationship The same « true 
for birfs tilth similar locomotion, as dmng (grebes, loons Hes 
peromw), running (ostrich emu, rhea moa), wadmg (storks 
cranes, flamingos, shore birds) hawking (swallows, Artamidae, 
swifts nightjars) and so forth 

Perhaps one reason for the slowness of getting behavior char 
actenstics used in sysiematics is that early authors, from Aristotle 
to about 1700, did actually use behavior (and associated adapta 
lions) largely as the basis of their systems of classifications Un 
fortunately, however, they emphasized food getting and locomotor 
behavior, which among birds and mammals are, on the whole of 
rather low taxonomic value This disappointment had to be thor 
oughly foigotten before behavior could again assert its rightful 
place in systematics 

The Variability of Behavior 
The philosaphial basis ,n much ot early science was typolog 
■cal, going back lo the .idoJ of Plato This implies that the typi 
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cal aspects of the phenomenon can be described, and that a 
variation is due to imperfect replicas of the type, all variants De^ 
mg, in the terms of Plato s allegory, 'shadows on a cave wall 
Such typological thinV-ing is still prevalent in most branches o 
physics and chemistry and to a considerable extent in funciiona 
biology, where the emphasis is on the performance of ^ ^ 

indnidual The typological concept has been completely >s 
placed in evolutionary biology by the population concept ^ 
basis of this concept is the fact that in sexually reproducing species 
no two individuals are genetically alike, and that c\ery population 
IS therefore to be characterized only by statistical parameters sue 
as means, variance, and frequencies In virtually all major con 
troversies in the history of evolutionary theory, the argument was 
between a typologist on one side and a student of populations on 
the other 

Genetic vanability is universal, a fact which is significant not 
only for the student of morphology but also for the student oi 
behavior It is not only tvrong to speak of the monkey but even 
of the behavior of the rhesus monkey The variability of behavior 
IS evident in the study not only of such a genetically plastic speaes 
as man but even of forms with very rigid, stereotyped behaviors 
such as hunting wasps The Pcckhams (1898) give a delightful 
description of such behavior differences between individuals of 
the wasp Ammophila urnana ‘ While one [individual] was be 
gulled from her hunting by every sorrel blossom she passed, an 
other stuck to her work with indefatigable perseverance Whilo 
one stung her caterpillar so carelessly and made her nest in so 
shiftless a way that her young could only survive through some 
lucky chance, another devoted herself to these duties not only with 
conscientious thoroughness, but with an apparent craving after 
artistic perfection ’ 

Whitman emphasized as early as 1899 ' The clocUike regulanty 
and inflexibility of instinct have been greatly exaggerated 
They imply nothing more than a low degree of variability under 
normal conditions close study and experiment with the most 
machine like instincts always reveal some degree of adaptability 
to new conditions " One would like to have more precise informs 
tion on the nature of this variation How variable is a given be 
havior within a single population? How much variation is there 
from population to population within a species? Finally, one 
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%souId hke to know what portion of the variability is due to non 
genetic modification 

innate is of course only the reaction norm which has a more 
or less wide range of phenotypic expression The terra innate is 
meaningful only if it is interpreted epigenetically (rather than 
preformisiicanyl) This is fully understood by the geneticist who 
states that a certain Rower color or the presence of wing veins are 
inherited The fact that the tendency to hoard is innate in 
the Nonvay rat is not negated by the fact that certain treatments 
or experiences may reduce this tendency or obliterate it alto- 
gether Most mammals cannot be tndtic^ to hoard no matter 
what treatment they get The tune has come to stress the existence 
of genetic differences in behavior in view of the enormous 
amount of material the students of vanous forms of learning have 
accumulated on nongenciic variation in behavior Striking mdi 
vidual differences have been described for predator prey relations 
for the reaction of birds to raiinicking or to warning colorations, 
for child care among primates and for maternal behavior m rats 
It 1$ generally agreed by observers that much of this individual 
difference is not affected by experience but remains essentially 
constant throughout the enure lifetime of die individual Such 
variability is of the greatest interest to the student of evolution 
and It IS to be hoped that it will receive more attention from the 
experimental psy^ologisi than it has in the past 
From the evolutionary point of view there js an interesting 
conflict between two opposing selecuve forces One selects that be 
havior which is optimum for the species and places a premium 
on uniformity of behavior within the species The other favors 
variability as a means of preserving evolutionary plasticity The 
most important mechanisms maintaining genetic variability of 
populations are perhaps geographic vanation and gene flow 
The study of morpbcJc^Jcal characters has shoivn that the dif 
[erences betueen species are often foreshadowed by minor or 
incipient differences betiveen geographic races The study of such 
geographic variation has shed a great deal of light on the origin 
of taxonomic characters and of new species Studies of this sort 
ivith respect to behavior are at the very beginning However there 
IS evidence for geographic variation of song in birds and in grass- 
hoppers In some species of the bee genus Haltctus some geo- 
graphic races are solitary while othen arc colonial (^flchene^ 
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1953a) The begging posture of young mockingbirds of tlic genus 
Nesomimm in the Galapagos Islands is supposed to vary between 
islands The difficulty of this field is that most behavior studies 
are made at a single locality, while geographic variation in be 
havior can be demonstrated only if the behavior of different, 
geographically segregated, populations of the same species is m 
vestigatcd 

The Phylogenetic Origin of New Behavior 

There are at least two different possibilities for the acquisition 
of a new behavior pattern by a species 

1 The new behavior may have a genetic basis right from the 
beginning Since much behavioral variability is correlated witli 
the genetic variability of the species, any factor affecting the gene 
content of the species may also affect behavior Some of tins may 
happen as an incidental by product of genes selected for very 
different properties Some of the behavioral variability described 
above may have this source 

2 A new behavior is at first a nongenctic modification of an 
existing behavior, as a result of learning, conditioning or habitua 
tion, and is replaced (by an unknown process) by genetically con 
trolled behavior 

The study of a neiv behavior ‘ fashion” might be very revealing 
When titmice in England acquired the habit of opening milk 
bottles It was observed that the technique was highly variable 
(Fisher and Hinde, 1949) 

Daanje, Hinde, and other ethologists have pointed out that m 
birds much instinctive behavior seems to have started as intention 
movements or as displacement activities Indeed, what is an inten 
tion movement or a displacement activity in one species may be 
incorporated into the courtship repertoire in a related species 
The genetics of this process are still completely obscure This is 
one of the few evolutionary phenomena where the Baldwin ef 
feet » might have played a role, although the behavior, after its 
incorporation in the courtship, is m a different neural environ 
ment than it was previously How such a change of neural tie up 
may be achieved is still quite puzzling 

I The hypothesis that a nongeneiic plastiaty of the phenotype faalitates recon 
itruaion of the genotype 
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A thorougli Sludj- of individual vanation of behavior is perhaps 
the most promising approach to the problem of the origin of new 
behavior Typological concepts have in the past retarded the 
analysis There was a search for specific mutations producing 
specific new behavior patterns It is much more likely that most 
kinds of behavior have a multiple genetic basis This hypothesis 
IS supported by the observation that much of the behavior of 
interspecific and inieigenenc hybrids is somewhat intennediate 
bctiveen that of the tuo parental species 
Even more important for an understanding of the ongin of 
behavior than a balanced concept of mutation is the proper con 
sideration of natural selection There is nearly always a dynamic 
balance between opposing selective forces as clearly evident for 
instance m the case of tlie so<alled superoptimal stimuli The 
study of these various selective forces even though they svere 
already considered by Darwin is stiH in ns infancy Indeed the 
whole subject of the evolutionary origin of new behavior and the 
remodeling of behavior by natural seJecuon js a much neglected 
field The study of entire populations wuld seem to be the most 
promising approach toward a solution 

New Behavior and Moreholocicae Structures 

In the days of rautaiionism a heated controveny went on as to 
whether behavior precedes structure or vice versa The mutation 
ists postulated that mutation caused structural changes and that 
the organism then developed ihe behavior which best permuted 
It to cope with the new structure This purely typological ap- 
proach was of course in error We now know that the matter is 
much more complex ^Vhen it comes to structure ive have to 
specify whether we are dealing with the structure of the nenous 
system or the structure of peripheral organs which facilitate or 
emphasize behavior On the whole u seems coirect to state as 
Lorenz has emphasized that behavior movements often precede 
phylogenetically the special structures which make these move 
ments particularly conspicuous Many birds raise the feathers of 
the crown or hmd neck and bow their heads toward females or 
competitors However only m a limited number of species have 
long crests developed wliich emphasize these movements Uke 
wise in grasshoppers there is a widespread intention movement of 



556 


MArn 


flexing the legs prior to jumping Hoivevcr, only m a limited 
number of higher groups has this movement been incorporateo 
into courtship and led to a conspicuous coloration of those parts o 
the legs that are shown or to the development of sound organs 
s\hich produce sound during the repeated flexing of the legs et 
It is obvious that without legs tins movement could not have b«n 
made at all, just as sving displays in birds should be impossi e 
svithout the pnor presence of wings Likeivise all behavior de 
pends on certain structural components in the nervous system 
It IS now obvious that there is no general answer to the question 
‘ Structure first or behavior first? Each case must be analyzed 
separately, to determine all of its components 


Trends in the Evolution of Behavior 

The student of evolution is not satisfied merely to prove that 
evolution has occurred and to reconstruct phylogcnies, he also 
wants to know whether it is possible to make generalizations con 
cemmg the coune of evolution and to express observed regular! 
ties in the form of ‘ rules or laws’ with wide applicability It 
would be very satisfying if this could also be done for the evolu 
tion of behavior ' Instincts, like corporeal structures, may be said 
to have a phylogeny The mam reliance in getting at the 
phyletic history must be comparative study (Whitman, 1899) 
Such a study is now being conduaed by Tinbergen and his asso- 
ciates for various species of gulls They find that hostile and court 
ship movements are essentially homologous in all species of the 
family but may diSer m relative frequency, intensity, and specific 
form A movement which is hardly noticeable m one species may 
be a conspicuous component of the courtship of another species 
Similar comparative studies on birds, with similar results, have 
been earned out by Lorenz (1941, 1952) for ducks (Anatidae), by 
Meyemecks (MS) for herons (Ardeidae). by Hinde and associates 
for finches (Hinde), by Moms and associates for weaver finches 
(Estnldidae) and by murnan (1919) himself for pigeons Along 
the same line is much work cued in the bibliography, such as that 
on achhds (Baerends and Baerends, 1950), on grasshoppers 0 ® 
cobs, 1953) on Drosophila (Spieth, 1952) and on various hyme 
nopterans (Ev-ans, 1953 Mtchencr, 1953, luata 1942, Lindauer, 
19 j 6) to mention merely a few 
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Differences belneen closely related species, particularly m birds 
and also in Drcsophda, are often largely quantitative In other 
ernes completely new components are found Some of the most 
cleareut behavior differences exist among closely related species 
of wasps Evans (iqss) desaibes sot differences between mo simi 
lar species of spider svasps of the genus ^noplius (Pompilidae) 
Although their nests are in close proximity they differ in the 
area where they hunt, in ihc choice of their prey, in the storing 
of the prey during nest digging in the place on the prey where 
the egg IS deposited, in the feeding of the adults and in wing 
movements While /t semtrufus holds its wings quiet during 
hunting, yf sptcuiaCiis vibrates them incessantly The differences 
between two sibling species of Atnmophila have been described 
above (Table i6 2) One species provides jt$ larvae with rater 
pillars, the other with sawflies It is not to be assumed, however, 
that the choice of food is always necessarily a very plastic char 
acter As has long been knoivn and recently again summarized 
by Beaumont (tgse) whole ^oups of predatory wasps have #pe 
cific prey For instance, Sphex hunts grasshoppers, Ammopktla 
caterpillars SceUphron spiders and Podium roaches Among the 
tnbe Lamm species of Larra catch mole crickets while species of 
Lins take true crickets In another tribe of the subfamily Lamnae, 
namely the Miscophmi there is great variability of prey SoUe 
Telia, orthoptera and hemiptera, Mtscophus, spiders Lyroda, 
crickets, and Nilela, aphids There may be an exceptional speaes 
in most of these genera, such as Ammophila campestns 
Students of evolution have long indulged m constructing phy 
logenetic frees, on the basis of morphological characteis Where 
such constructions are based on fossil material they tend to bare 


a degree of reality Where they are merely ba<ed on degrees of 
morphological complexity, they arc usually pure speculation and 
often demonstrably svrong The wishful hope that no secondary 
simplification has occurred is not always fulfilled Attempts to 
reconstruct behavior phylogenics fa« the same difficulties as 
similar attempts of the morphologist Yet their value is not to be 
minimized and such reconstructions have a considerable heunstic 
value Evans (1953), for instance, has reconstructed the develop- 
ment of behavior in Pompilidae from the simplest to the most 
complex and derived pattern Desneux (1952) has traced the prob 
able development of architectural styles m the nests of termites 
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of the African Apicolermes group. In the hive bees of tlie genm 
Apis a number of living species permit a reconstruction of the 
evolution of the dancing behavior (von Frisch, 1955)- I” • ' 
courtship behavior of Drosophila one can discern certain evolu- 
tionary trends (Spieth, 1952), as in the bower building of bower- 
birds (Marshall, 1954). 

Students of vertebrates and particularly of mammals are at\'are 
of a broad phylogenetic trend toward an increased role of 
higher centers of the brain at the expense of purely instinctive 
behavior. No other type of behavior has been studied as inten- 
sively as cortex-centered behavior in the primates and in man. 

It must not be forgotten, however, that, taking the animal king- 
dom as a whole, this is a very exceptional type of behavior. Similar 
trends are found in some groups of birds (Corvidae, Stumidae, 
Psittacidae), but the enlarged central nervous system of even the 
most advanced insects is not in this category. 

“An instinct may sometimes run through a whole group of 
organisms with little or no modification” (Whitman, 1899). An 
analysis of behavior differences among species, genera, and higher 
categories, such as tvas presented in the preceding sections, show’s 
that in addition to very consers’aiivc types of behavior (drinking 
in pigeons and sand grousel), there are some which change rapidly 
in es'olution. It would be intriguing to find out wiieiher or not 
different components of behavior have different rates of evolution. 
This indeed seems to be the case. 

Among the many components of behavior two stand out: (1) the 
ability to react selectively to specific objects and (2) the specific 
actions of which the behavior consists. This may be illustrated for 
the case of predatory wasps: (1) The object is the spider, the 
caterpillar, or the sawfiy larva. (2) The action consists of grasping 
and stinging. Both (1) and (2) may and do change in the course 
of evolution, but it seems that in the majority of cases the action 
(the pattern of locomotion) is more stereotyped, less plastic than 
the choice of the object. Wasps of many different genera may have 
a rather stereotyped stinging movement, but the prey that is stung 
may v-ary from species to species or from genus to genus. In pollen- 
colleaing bees there may be great similarity in pollen-collecting 
equipment and method, yet each species or genus may have a 
decided preference for the pollen of specific flowers. This species 
specificity of food preference has an obvious selective value since 
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it will reduce competition for food among species and perhaps 
permit a denser occupation of the habitat. 

In the courtship of birds likewise, the courtship movements 
seem much more conservative than the “releasers which elicit 
them. Many responses to special components of the environment 
are either learned during the lifetime of the individual or have 
the earmarks of recent evolutionary acquisition. For instance, the 
“following response” of young ducks consists of very stereotyped 
movements; the object of the response may be learned by »m 


^ Since^the choice of an object, the reaction to a stimulus, is de- 
termined by a perception pattern, it can be suggested that the 
locomotory components of behavior patterns tend to be more 
conservative in evolution than the perceptual. This is a working 
hypothesis which seems worth further testing. 


Summary 

1. There is a close correlation bctsveen behavior patterns and 
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Behavior and hohiing Mechanisms 

HemanT Spieth 


UNIVEHSITY or CALIFORNIA (ttVCBtlDE) 


The indispensable factor m the origin and mamicnance of 
race and species is isolation This concept lias been enunciated by 
various workers and its reality demonstrated both theoretically 
and experimentally as well as by observational deductions 
Divcn data indicate that various types of facton operate as 
isolating mechanisms between Mcndehan populations Simply 
put, this means that one or more mechanisms serve to prevent in 
terfareedmg of the members of separate hfendehan populations 
The types of isolating mechanisms have been classified and du 
cussed by various authors including Huxley (it)}*), Mayr (ig^s) 
Carter (1951), Dobzhansky (1951) For orientation purposes these 
mechanisms are reviewed briefly here 
Interbreeding obviously cannot occur between different pop- 
ulations if they are separated by an intervening area wfhich neither 
population can cross or inhabit Such populations are geograph 
icallyorspaiially isolated and arc termed allopainc in distribution 
If. however, the populations are sympatnc— living concurrently 
m the same arca—ihey still can be effectively isolated by facton 
such as (i) seasonal isolation the individuals are sexually fimc 
tional at different times, (s) mechanical isolation there « physical 
noncompatibility between the sexual parts (5) ecological isolation 
individuals of the populations arc rcstncted by biological needs 
to specific and different habitats of the same area, (4) behavioral 
isolation the indn iduals xrspond in such a manner 10 the stimuli 
they receive from individuals of the opposite sex belonging to 
other Mcndelian populations that mating docs not occur; (5) hy 
brid inviabiliiy Fi hybrid ryigotes arc produced but they arc 
mviablc. (6) hybnd sterility ibe F, hjbndi that are produced are 
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sterile individuals, unable to produce normal functional sex ce . 

Anyone who has collected and observed animals in their normal 
habitat knows that at any given time there are usually a consi er- 
able, often large number of species that are found living as sexua y 
mature individuals within a relatively restricted area, for instance 
in a meadow, a small pond, or even a suburban yard. It is tacit y 
assumed that the majority of these species never will attempt to 
court and mate with each other. Thus, houseflies and stable les 
live together and yet do not mate, or, to give a ludicrous examp e, 
a deer and a mountain Hon never court each other and attempt 
to mate. Such organisms are so phylogenetically distinct that they 
are never expected to court each other, and yet it must be admitte 
that it is the behavior of the individual organisms that cause 
them to avoid even the beginnings of such actions as might lea 
to mating. As Thorpe (1950) has pointed out, this type of behavior 
is related to, if not dependent upon, the fact that the individua 
organism lends to take avoiding or self-protective action to (0 
a wide range of stimuli likely to be signals for danger, especially 
any moving object, (2) any stimulus or situation which is strangCi 
and (3) any stimulus at an unusually high intensity. 

Two examples will indicate how this type of behavior operates. 
When wounds occur on certain deciduous trees, sap flows, and 
in these wet areas bacteria, yeasts, and molds grow. To such spots 
numerous organisms are attracted, including various species of 
Drosophila, which feed and mate here. The drosophilid males, io 
addition to feeding, also vigorously investigate, i.e. make physical 
contacts with other drosophilids, courting the females of their 
own species and “fighting” with the males. They ignore or avoid 
other larger and smaller Diptera such as bluebottle flies and 
fungous gnats. Slow-moving beetles move about without causing 
any obvious reaction on the part of the drosophilids, and ants are 
merely avoided or ignored. Even large wasps do not greatly disturb 
the activities of the drosophilids, although they are given a wide 
berth. However if a bird, such as a sapsucker, alights upon the 
spot, there is immediately a frantic exodus of the insects. 

May flies, or ephemerids, give a parallel example. These insects 
gather in groups for aerial nuptial dances, typically in the late 
afternoon or early evening. The males repeatedly fly upward and 
then volplane downward, while the females fly through such a 
swarm of males on a level pathway of flight. A male will see a fc* 
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male above him and immediately fly upivard, graip her and at 
tempt copulation At times, however, other insects such as caddis 
fly (Tnehoptera) and stone fly (PJecoptera) adults will also fly into 
the same area Now and then a male ephemend will be seen pur 
suing a caddis Ryol about the same size as the Mayfly females The 
stone flies, however, have a characteristic flight that is very different 
from that of the May fly females and the male ephemends never 
attempt to grasp one of them If a dragonfly enters the area the 
ephemends scatter, or if one sweeps a net through the swarm they 
fly upward and away Examples of this type are Jcnoim and could 
be cited for numerous organisms from diverse phyla of animals 
There is however, one particular aspect of general behavior 
that should be noted Often numerous individuals of diverse 
species are seen in close proximity yet seeming whollj indifferent 
to each other Thus a number of different species of birds may be 
seen feeding near together, several species of insects move about 
together on a shme flux with seemingly no concern for each other, 
different speaes of fishes may be found swimming about m a re 
atneted area Such reactions often occur even though the members 
of one species may be actively engaged in courting activities 
Whether this response by avoidance or indifference is innate or 
learned is not known certainly m roost cases In many instances 
if learning is involved it must be of the imprinting type For ex 
ample, the May fly male normally lives only for twenty four hours 
and engages in only one nuptial flight Regardless of the ontogeny 
of the avoidance and ignoring reactions, the behavior seems not 
only to serve as an isolating mechanism but also to guard the 
organism against ihc numerous dangers that constantly beset it 
while allowing the individuals to carry on ihcir normal activities 
without incessantly responding to each and every other organism 


m the immediate vicinity 

Although isolation is necessary for maintaining the integrity of 
species It is a truism that, for bisexual organisms fcrtihxation of 
the ova is also necessary if the population is to remain in existence 
This automatically means that individuals of opposite sexes must 
synchronously produce ripe genu cells and place them in sucli a 
siruauon ihar Ihc sperm can travel through a liquid medium and 
enterlheovum Thisisachiescdinmany marine organisms (Tlior 
son. 1950). including most Aciinoroa, several Poljeliaeta. the 
Lamclhbninchiata, most pnroilivc Prosobranchiata, and neatly 
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all Echmodermata, by the dump.ng of the ^met« nto the su 
rounding water Sometimes (Sargnrtm troglodytes, ’ 

and other Prosobranchiata. and Toxopnetistes vartegam) the 
sexual products are not shed unless the individuals ot the 
sexes are in close proximity 

As Mayr (1942) has shotvn, two factors are involved in tne 
production of such marine organisms First, a complex of 
mental factors results in a physiological readiness for 
of the mature sexual products Second, one or a few indivi ua 
reach such a high degree of sexual readiness that they spontan 
ously shed the sexual products Usually it is a male that first rea 
such a peak of readiness, and the materials shed serve as a stirou us 
to other individuals, both male and female, to spawn Spawning' 
once initiated, becomes epidemic for the entire population of c 
species in the vicinity Thorson {1950) reports that the females o 
some species will never shed their eggs unless the active spenn 0 
males of the same species are m the surrounding water 
No information ls available as to the exact stimulus that causes the 


first individual or individuals to spawn Perhaps it is a combinauon 
of internal and external factors to which the animal responds 
viously, once spasvning is started the remaining individuals m the 
\ icimty that possess sexually mature germ cells are responding to 
the material, 1 e sperm or accompanying substances, that has been 
dumped into the water As Mayr (1942) notes, it is certainly pos 
sible and even probable that the vanous stimuli may act as isolat 
mg mechanisms and be just as specific as the apparently more com 
plex and obvious courtship behaviors of many terrestrial organisms 
such as birds, mammals, and insects Experimental data unfor 
tunately are lacking, and we can only conclude by inference that 
such behavior m marine organisms serves as an isolating mecha 


nism 


In terrestrial animals, and many marine and fresh water animals 
also, physical contact between two individuals of opposite sexes is 
generally necessary to ensure the transfer of sperm This means 
that somehow tivo individuals of opposite sexes must be app^^ 
pnately stimulated and must respond correctly so that they select 
each other from the welter of individuals that are to be found m 
the area The union thus formed may be of fleeting duration or 
It may pcnist for a period, m some cases throughout the adult 
life of the individuals 
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It IS amazing that the individual existing in a constantly hostile 
and dangerous situation — in which the normal response is flight or 
defense or at least indifference to a snul tnude of other living organ 
isms— should also possess a behavioral pattern which enables it 
correctly to select another individual from among all those potcn 
tially possible in its environment and willingly make the intimate 
physical contact necessary for reproduction Obviously, this must 
occur if the species or population is to remain m existence, and we 
tend to take the fact for granted 


Types of Mating Behavior 

Scientific literature abounds in descriptions of how organisms 
behave during mating and many of the pAntms are complex and 
spectacular The mating behavior of many, perhaps most, ^fc^de• 
han populations IS however, to the human observers e)c relatively 
simple and of short duration In the simplest form one individual, 
usually a male, approaches another individual and attempts lo 
copulate If the second individual is a receptive female of the same 
Mendelian population the union is successfully consummated 

Thomas (1950) studied the mating behavior of three spe 
cies of coprophagous Sareophasa, S knabt Parker, S Jusctcauda 
Bottcher, and 5 albiceps Meigcn, which along with species of 
Chrysomyia, Luoha, and other flics assemble and feed upon hu 
man feces in China Mating typically occiin afier feeding, when 
both sexes are goig^cd The male inituies the process by rnounong 
another individual, then vibracmghis wings violently and attempt 
ing to hook the lerminaha under ihe posterior end of the abdomen 
of the other fly The males are indiscriminate m their selection 
and may mount a Luctlia, a male Sarcophaga, a fcmilc of another 
species of Sarco/i/iogo, and so on, imiil the proper female of their 
own species is found Apparently ihc selection of a receptive mate 
IS purely by mal and error Such nuung behavior is typical of 
numerous species of organisms especially many of the arthropods 
and some of the vertebrates Even though 11 is obvious that this 
type of behavior involves stimulus and response on the part of 
both partners it w, from the human point of view, diuicult of 
analysis Biologists therefore have tended to devote more cner^ 
to the study of those organisms, particularly the larger ones such 
as fish, reptiles, birds, mammals, and some arthropods, Uiat typ- 
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ically display complex mating behaviors, which offer more oppor- 
tunity for observation, experimentation, and analyst. 

The complex mating behaviors of various organisms seem 
differ from that of Sarcophaga in the accretion of spectfic net 
elements upon the basic type. Four factors seem responsible 
the evolution of these new elements. They can be stated as 

1. Before any courtship can occur, two sexually mature in ivi 

uals of opposite sexes must find each other, and obviously an organ 
ism cannot search an unlimited area for a mate. It is here that t e 
responses of the individuals to the environment serve as a help u 
adjunct, and thus the individuals are not uniformly and evenly 
tributed through the environment but rather are clumped togethw* 
The sort of area that the male cockroach prefers is also preferred y 
the females and represents a very small fraction of the total environ 
ment. Numerous species, however, have individuals scattered over a 
much wider area, and in many instances special mechanisms have 
evolved for bringing the sexes together. Thus while the diurna 
butterflies and most diurnal Diptera find their mates while feeding 
or flying about, the females of the nocturnal moths produce odoff 
that attract the males, and the female mosquitoes make sounds 
which attract and guide the males. The crickets and their relatives, 
as well as most of the frogs, also produce sounds, but in these cases 
it is the males whose sounds attract the opposite sex. 

Roth and Willis (1952) note that the courtship of 
germanica is similar in many respects to that of certain tree crickets 
of the genus Oeocanthus, except that the male cricket employe 
sound to attract the female while the male roach does not. ^fany 
of the male birds, “fastened to” their territories, be they large 
small, utilize sound to bring the females near. In all of these in* 
stances only one of the participants is being stimulated by the ac- 
tions of the other. Thus the male moth receives a stimulus, the 
odor from the female, but the female receives no stimulus until 
the male actually reaches her. The female bird hears the advertis- 
ing song of the male, but he must await her arrival to be himself 
stimulated. This, then, is a sort of prologue to the primitive type 
of mating behavior. Such procedures have evolved independently 
in many groups, and while we can postulate that originally they 
svcTc selected for and elaborated upon in order to bring individuals 
together, they have now been completely incorporated into th® 
mating behavior. Tliat they also scrv'c as isolating mechanisms is 
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sho^vTi by the fact that birds which possess advertising songs pro- 
duce feiver hybrids m nature than do birds such as the ducks, which 
depend upon visual stimuli 

a Many vertebrates establish temtories which they defend 
Such territories may be permanent or may be established only for 
the duration of the breeding season In the latter case the male 
typically first establishes and defends the territory, but after pair 
bonds have been formed between a specific male and female the 
area is defended by both individuals In organisms that establish 
temtories — for example many fish, nurasTous reptiles, most birds 
and mammals — there occur during the mating penod three eJ 
emenis of behavior, commonly called dnves, that are of significance 
in the evolution and functioning of the courtship pattern These 
drives are (a) the sexual or mating, (b) fleeing or escape and (c) 
aggression or fighting Clearly all three of these are mutually an 
tagonistic, and, as Moms (1955) has shown, they result m a three- 
point conflict in each individual at the time of courtship Never 
theless, courtship and successful mating must occur if the Mende 
han population is to stay in existence Lorenz, Tinbergen, and 
many others in their studies on the ethology of numerous animals 
have thoroughly investigated these dnves and their resultant m 
teraciions (see Tinbergen 1951. 1954) From the interaction of 
these and, of course, of other drives which arc not pertinent to the 
present discussion, iliere have resulted certain derived activities 
such as displacement actions, intention movements and threat 
postures which have become ritualized and integral components 
of the behavior of each species of animal Once established, these 
serve as isolating mechanisms particularly because they increase 
the complexity of the mating pattern and also tend to extend the 
length of the courting period If the reciprocal actions and re 
sponses of the courting individuals do not fit, then the final 
acts of copulation will not be reached 

3 Some animals, for example spiders do not show temtonahiy 
and are rapacious carnivores The three drnes listed above seem 
to exist in them, and there apparently have evoivcd-at least in 
those spiders that possess effective visual mechanisms— complex, 
extended forms of mating behavior which are analogous to those 


hsplayed by the temtonal vertebrates 
4 Some species o£ animals foim gregarious assemblage at the 
ime o! courtship Thus the fiddler embs of the genus Uca divell 
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in colonies, and often colonies of several species coexist in the same 
restricted area (Crane, 1941). Numerous individuals of vanous 
species of Drosophila collect together for limited periods of time 
upon feeding areas of small size and engage in courtship an ee 
ing. During the breeding season the males of the Lek birds gat er 
upon communal breeding grounds. Analysis clearly shows that t e 
evolutionary as well as the functional forces that create such as 
semblages are diverse for the various groups, but still a parallelism 
seems to exist in the mating behavior of all these groups in that 
(a) the males are promiscuous, i.e. do not form pair bonds ^ 
persist after copulation, and will mate with more than one m 
dividual during a breeding season; (b) the males’ mating displays 
are hypertrophied compared to those of males of related but non- 


gregarious species. 

Some birds that are gregarious at the time of the breeding sea 
son do not, however, display these hypertrophied sexual character- 
istics, but in such cases, for instance herring gulls and cliff swa • 
lows, the individuals form pair bonds and the males are not 
promiscuous. 

Two other general aspects of mating behavior should also be 
considered. 


i. In many birds pair formation often precedes actual insemina- 
tion by a considerable time, and during this time specific cer 
emonics may be repealed many times between the two individuals 
of a pair. Apparently these serve both to maintain pair formation 
and to synchronize the production of the ripe gametes. Two sorts 
of factors of course are involved in the synchronization of the 
sexual activities of the two sexes: (a) the physical environment, 
including such factors as temperature, available food, length of 
day, and so on. and (b) the effect of the individuals of the two sexes 
upon each other. Most animals, especially those that display the 
basic or primitive type of mating behavior, depend almost exclu- 
sively upon the physical environment factors for synchronization, 
but for some species, especially birds and mammals, interindividual 
actions arc of importance in synchronizing the gonadal products- 
uc 1 ceremonies, of course, can and apparently do serve as isolating 

mefnanum* • 


, *■ question of sex recognition. A drosophilid male 

” "" ‘'"= of another individual until it hat 

ctually tapped the stranger and he or she has responded. Usuall) 
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a scuffle develops betiveen two males, but neither is injured With 
spiders, however, the individuals are capable of injuring each 
other, and definite response patterns have evolved, threat patterns 
that enable two individuals to recognize each other Many birds 
also, especially the males, have specific structures that permit sex 
recognition, for instance the flicker's moustache and the colored 
undersurface of his tail These features play no pan in isolation 
of the species 

Sexual Behavior of Closely Related Species 

Although there are many descriptions of the behavior of m 
dividual species, tlierc is little information available on the com 
parative behavior of closely related species Few investigators have 
studied the behavior, especially the mating behavior, of all the 
known species of a given genus or family It has been done for 
some birds and for a feiv insects and spiden Such studies take a 
great deal of energy and time, for one must become intimately 
acquainted with the individual species througout their life spans 
On the basis of the evidence accumulated to date, u seems dear 
that the more closely related the species the more similar are the 
behavioral patterns Thus m Drosophtia all the species that are 
known to be extremely close relatives have observably identical 
mating behavior To pul it another way, there arc species of Pro 
sophila tliat can be differentiated on the basis of structure and other 
charactenstics but cannot be differentiated by means of their ob 
servable mating behavior On the other hand it is clear that as the 
species diverge phylogenetically as determined by structure, ecol 
ogy, distribution etc . the otwrvable mating behavior also di 
verges so that species from different species groups and subgenera 
exhibit different mating behavior It is to be expected that eventu 
a}]Y exetpssom to this generalization will be discovered but u can 
be rallier confidently expected that such exceptions will be rare 
In general it can be anticipated that very closely related species 
of all organisms will display very similar mating behavior This 
does not mean that if there are only two speaes in a genus they 
will necessarily have similar behavioral patterns, for even if they 
are the only tivo representatives of the genus they may be evolu 
tionanly more distinct than any two members of another genus 
that conuins numerous species 



SPIETH 

374 

both species are 12 hours old they will occasionally court older 
females but are unable to achieve coition. At 24-28 hours old they 
court the females but are still unable to achieve intromission, 
though they attempt it. At about 32 hours males o£ both species 
can successfully achieve coition. The females for their part are not 
attractive to the males'until they are approximately 24 hours old. 
At this age, although the males court them, the young females ivill 
not accept, and continue to refuse until the pseudoohscura females 
are 32-36 hours old and the peTsimilis females 44—48 hours old. 
Since the drosophilids assemble on the feeding and mating grounds 
for two periods each day— one in the early morning and the other 
in the late afternoon — it can be concluded that the young pseu- 
doobscura females emerging on the morning of day 1 will probably 
mate during the evening of day 2. Also, they will be courted on the 
morning of day 2 but will not accept the males’ overtures. The 
young persimilis females will not accept until they are 48 hours 
old, or on the morning of the second day after they have emergcd- 
Dobihamky’s data on mating pairs collected in the wild seem to 
substantiate this conclusion, since his evening collections con- 
tained 280 pairs of pseudoohscura and 25 of peTsimilis, while the 
morning collections contained 65 pairs of pseudoohscura and 25 
pairs of persimilis. A female of cither species mates more than once 
during her life and after the first time such a mating may occur 
during either morning or evening. Also, the young males have 
tried to mate before they are able actually to inseminate a female, 
and the young females have been courted before they were willing 
to accept any male. 

Various authors (Dobzhansky, 1938; Mayr, 1945, 1946a, ig46b; 
Koopman, 1949) have shoivn that these two species will hybridize 
rather readily in the laboratory, but in every case virgin individ- 
uals were utilized that were at least 4 days old. On the assumption 
that the flies in nature did not hybridize because they had somehow 
acquired the ability to discriminate before they were sexually ma- 
ture, experiments were run in which individuab of both sexes and 
both species were put together a few hours after they had emerged. 
By using persimilis flies homozy'gous for the eye mutation orange 
and pseudoohscura flies homozygous for glassy, it was readily pos- 
sible to see if the offspring were hybrids. The hybrids al appear 
as wild-type flies since the mutations are recessive and on different 
chromosomes. The very young adults were placed together in half- 
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pint jars with suitable food, allowed to live, mate, and lay iljeir 
cgp- The offspring of these flies were then counted to see if hy- 
brids had been produced. In 6 experiments 2 individuals of each 
sex and each species tvcre tested, or a total of 8 individuals. From 
these 6 experiments no hybrids ivcre produced. In 14 experiments 
4 of each sex and species were used. One of the 14 experiments 
produced hybrids. In 15 experiments 8 of each species and sex, or 
a total of 32 parents, were placed in the rearing bottles. Two of 
these bottles produced hybrids. Out of a total of 38,347 Ft individ- 
uals, only 117 were hybrids. This represents 0.3 of i per cent, and 
is considerably lower than Koopman’s results from population 
cage experiments. It can reasonably be assumed that, out of the 
392 females of both species utilized, only 3 individuals mated with 
the wong male. It also seems relatively safe to assume that the 
isolation had been enhanced by the fact that the individuab had 
matured together. 

This is substantiated by the following dau. A series of single 
pair matings were made by placing a male and female together 
in shell vials with food. In vials 1-3 the individuals were persimiHs 
male and female; in vials &~to pfTiimilts male and pseudoohscura 
female; in vials 1 1-15 pseudoohscura male and pseudoobscuro fe* 
male; in vials 1G--20 pseudoobscuro male and persmitis female. 
All of these individuals carried the eye mutants mentioned above. 
At the end of five days males 1-5 and 1 1-15 were exchanged. Thus 
the females that had been paired with a male of their own spedes 
now found themselves with a male of another species. This situa- 
tion was maintained for seven more days and then the original 
males rvere returned. Numbers 6-10 and 16-20 were treated in 
like manner, but in these the females had spent the fint five days 
with a foreign male and now from days 5 to i* found themselves 
with their own male. On the trvclfth or thirteenth day the foreign 
tnsise u’cre rcwmcA The xesidts of these experiments arc shov.-n 
in Tables j-4. The x marks indicate the first appearance of eggs. 
The upper or top line svhenever present indicates the presence 
of hybrid offspring, and the figure just above the line gives the 
actual number of hybrid individuab. The drosophilid female 
copulates a number of times during her life span; unless she does 
so she c.Khausts her sperm supply and produces infertile eggs. The 
persimilis females that matured with Uieir own persimilis males 
(Table 17-1) never accepted the pseudoobscuro males— and laid a 
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considerable number oE infertile eggs during days to. u. wd i*. 
In comparison 4 of the 14 persimilis females that 
pseudoobscura males (Table 17-2, Nos. 36, 39. 4 °- 
sometime or other during the experiment engsge in an i 
specific mating. Specimen 6o is unique in that the 
which should have been introduced on the fifth day was los { 
specimens were transferred from vial to vial without ethenM 
tion) and therefore the female was stored in "solitary’ from t e 
fifth to twelfth day, when the original pseudoobscura male was 
returned. This female had originally accepted the pseudoobscura 
male’s overtures and apparently did so again, since she produce 
hybrid offspring throughout the experiment and a single insemi 
nation would not have supplied sufficient sperm for this continua 
production of fertilized eggs. The pseudoobscura females showe 
much less sexual isolation to the persimilis males than did t e 


Experiment 

# 


4 


ti 

«3 

>4 

4> 

43 

44 

45 


Table 17-1. Persimilis i x Persimilis 5 


pteude 
S Intro 

3456789 


pentfo 
i ret. 

ti tt 1 $ 14 


15 »6 «7 


>8 >9 
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perstmtUs to the pseudoobscura males (see Tables 17 3 and 174) 
The data from these four sets of expenments clearly show (i) the 
well kno^vn fact that pseudoobscura displays much less isolation 
to perstmtlts than does perstmihs to pseudoobscura, (2) that the 
femaJ« of both species mil immediately accept their own male 
as soon as they are able to, even though under duress they had 
accepted the male of the other species, (3) that the persmtUs fe 
male, once she has been fecundated by a persimtUs male, will not 
accept a pseudoobscura male 

Additional information of a somewhat similar nature is pre 
senied m Table 17 5 In these expenments two wild stocks, Iwth 
derived originally from the same locality, were used Eight fe- 
males were placed with four males m a half pint jar with food, 
and after a number of hours or days the females were sacnficed 
in order to determine whether they had accepted the males over- 

TaBL8 17 » PseUOOOBSCUftA < X PfRSlMILISff 

ZxfCTlmenl pmlin P«ueo. 

# S (nira. i ttt 

I \ \ \ i s « 1 t i M f t* n •* n o *9 
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turcs. The data are seU-explanatoiy and clearly indicate the dif- 
ferenccs in the responses of the is^o species under these non- 
choice conditions. 

HasUns and Haskins (1949 and 1950) have elucidated a some- 
what similar pattern in the poeciliid fishes. Three species, Lebistes 
reticulatus, the guppy, Micropoecitia parae and Poecilia vivipara, 
all live together in the shallow waters of Trinidad streams. All 
males are brightly colored, but the females arc dun colored, and, 
to the human eye, resemble each other. No intergradcs have been 
found in nature, but P. vivipara X L. reiiculalus has produced 
hybrids in the laboratory. T*he fish are viviparous, and insemina- 
tion is accomplished by the male transferring a spermatophore 
by means of his gonopodium. Haskins and HasUns have clearly 
shoviTi that the males of L. reliculatus can be conditioned to dif- 
ferent mutant females (see Tables 17-6 and 17-7). Hovrcver, when 


TABCt 17-3. PsEtlDOOBSCURA 2 X PsECDOOBSCURA 9 
Expenaeit ^trisx. pmdo. 

* i taao I ret. 
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the male (Table 17 8) is given a choice between a mutant of its 
onm species and a normal M parae, ivhich to the human eye looks 
much more like the typical wild Lebtstes female than does the 
Lebistes mutant it quickly learns to choose the mutant 
In summary the evidence should seem to indicate that in the 
two Choristoneura species the mating behavior is completely m 
nate while in the Drosophila species pseudoobscura and perstmths 
and also tlie poecilud fishes it must be partially innate and par 
tially learned One can also speculate that peTsmths which is 
sympatnc throughout its entire ran^ with its sibling species 
pseudoobscura, has had selective pressure operating in the direc 
tion of the production of a high degree of sexual isolation This 
involves intensification of discriminating ability to such a degree 
that the persimiUs females are so to speak wary of their own 
males The result is that even under no-choice conditions (Table 


Table 174 Persimius « x Pseudoobscura 7 
&ip<rimtnt pseudo pmira 

M * lotfO E **!• . - 
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Table 17-5 

Age Hours Humber % fecundated % Nonfecundated 
Pseudoobscun ? x 4 St Helena 


40-50 

62 

tOOS) 

ox> 


pseudoobscura 9 

X pmtmilis d 

Helena 

40-50 

62 

65 

93 5 

50-60 

45 


97-8 

65-75 

*7 

49 " 

51-0 


peniinilis 

9 X i St. Helena 


44 - 5 » 

101 

5*-4 

47 ^ 

50-60 

16 

664 

S 4-4 

65-75 

3 * 

87^ 

125 

70-80 

16 

tooxs 

OJ> 


penimilu 9 x pseudoobtcun g St. Helena 


70-80 

63 


OX) 


100 X) 


90-100 

7 * 


ox> 


100.0 



16 


04 > 


tOOX) 


S^daji 

at 


95 


905 


'able 17-6. ‘ 

'Conditioned" 

Males 

, AS Shown 

Male Type 


IPifd Type 

Cold 

Cream 

Total 


Condiuoned to 'iVild Type 



Armalus. oeam 


9 * 


a 

6 

too 

Armaias cream 


9 > 


0 

9 

too 

5 Iaculatus, cream 

87 


7 

a 

96 

Annatus, gold 


93 


5 

0 

too 



Conditioned to Gold 



Armatus cream 


9 


87 

10 

to 6 

Maculaius cream 



*4 

7 

1 * 5 - 

Armatus, gold 


5 


75 

*5 

101 

Armatus, wild type 

9 


74 

aa 

105 


Conditioned to Cream 


Armatus wild type 6 

6 

13 

*5 

Maculatus, wild type 8 

8 

84 

too 

Total Males 

• Correct*’ 

"IneorrecV* 

Total 

ExpenmenUl totals 10 

710 

24S 

958 

Expected totals on basis 
of chance conucts 

3 * 9-4 

6366 

958 


• Thu exception was further tested with a dimmuuve wild type female The re 
suits were amfinnatoTT 

• From Hastins, C P and Edna F (igso) 
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17-5) one does not find 100 per cent fecundation until the females 
are 70-80 hours old. even though tiiey become sexually receptive 
at about 48 hours of age. In companson, the psmdoobscuTa fe- 
males are much more easily stimulated to the point of acceptance 

Table 17*7- Relative Choice Efficiency of 
Males "Conditioneo'* to ■VVjlu Type and to 
Other Boot Colors* 


'Condtllemin^ 

"Cotreer* 

‘'Ineorreet“ 

Tola! 


WId type 

».5‘9 

*7* 

‘d9« 

Experiment 

Wild type 

•497 

994 

1491 

Theoretical 

ether 

708 

549 

>*57 

Expenment 

Other 

419 

83S 

>A57 

Theoretical 


Total contacu rrconJrd 1,748 
Total males observed >15 


* From Haskins, C. P and Edna F. (1950) 

of the males’ overtures and by the time they are 40-50 hours old 
have, under no-cholce conditions, all beconse fecundated 
Data from other groups of organisms, although less extensive 
and detailed, are similar to those just discussed Roth and Willis 
(1952 and 1954) have made elegant studies of various species of 
cockroaches, belonging to a number of different genera The sig- 

Table 17-8. Relative Choice Efficiency of 
Wild-Type Lebistes Males “Conditioned” to 
Wild-Type Females between Females of 
M. PABAE and Mutant Lebistes* 

Sixteen males of wild type Maculatus stock, twite backwowd to wild stock from the 
Anroa River, Trinidad, taken trom wild type mus culture Exposed to one wild 
female of M parae and one female of Maculatus Cream, domeiuc stock, uken from 
mass culture of Maculatus Cream 

ElapiedTtme CmiactfmtA CwlteUsNlf} 

fromlnlTodueUen M parae Maathlus Cream 

Day of introduction (n) 49 

n4-7 * 

Length (snout to base of caudal fin) of M parse female rj-o mm 
Length (snout to base of caudal fin) of LeMet female S4 o mm 

Weight of Af ^rae female 0356 
Weight of Lebistes female 031 g. 

• From Haskins, C- P, and Edna F. (1950) 



nificant findings are (i) that the courtships are similar m related 
species, (a) that the individuals ate able to distinguish betsveen 
stimuli received from their onm species and those from others, 
(3) that the substances which produce the stimuli are somewhat 
similar hut differ either quantitatively or qualitatively, (4) that 
the males of Blaila gemtanica can be conditioned by experience 
and are less discriminating if they lack experience with their ovm 
females. 

Spiders display mating patterns that are in many aspects parallel 
to the behavior of the cockroaches. Kaston (1936) found that males 
of certain piasurid and lycosid species are stimulated by an ether- 
soluble substance which occurs over the female's body, is pro- 
duced by immature individuals of both sexes, but disappean 
entirely from the mature male. Crane {1949) investigated in detail 
the behavior of a number of salticid species. Unlike the nonierri- 
tonal, noncamivorous roaches, the spiders possess both courtship 
and threat displays. By using models and actual specimens Crane 
determined that no male of Corythalta xanthopa would display 
to a spider or model with a frontal area more than five times or 
less than one-third the male’s size. Further, the use of cardboard 
models showed that the shape of the model must approach normal 
if the male was to respond readily. Crane also found that "in gen- 
eral, any A-tone male would initiate appropriate display before 
any moving male or female that showed a few sign stimuli roughly 
similar to those of its own species. The females presumably be- 
cause of the chemical factors were close relatives; the males, in 
inter-male display, had to conform in appearance only. The het- 
erosexual pairs of species which displayed regularly to each other, 
under unconfined laboratory conditions, rvere the following: 
Corythalia choices and C. fulgipedia; Plexippus paykulli female 
and Eustiromastix sp. male; any two species olPkiale." 

These displays did not terminate in insemination of the female 
since she would refuse the male sometimes before copula could 
be achieved. Further, when individuals of their own species were 
presented to a pair of mismatched displaying spiders, attention 
svould promptly be turned to the newcomer by the appropriate 
displaying individual. 

Among the amphibians the mating behavior of the frogs and 
toads has received considerable attention. Jameson (1955) has re- 
cently summarized the known facts and has shown that, although 
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tlie basic pattern is the same ihrougliout the group, many vana 
tions and differences do exist among the various species Thus at 
least tsvelve different types o£ amplectic daspings have been 
described for the different species, ranging from pelvic to cephalic 
Nevertheless, closely related species do have very similar mating 
behavior That the isolating mechanisms between closely related 
species of frogs and especially toads break down occasionally is 
^vell authenticated by both field collections and expenmental 
studies Blair (ig^i), studying 5 tt/o nmerifcnur, 5 terrestris, B 
fowlert, and B looodhoust, found that wherever the species over 
lapped geographically some intermediate individuals appeared in 
the populations, and these were similar to the hybrids he was able 
to produce m the laboratory l^ter work by Volpe (1952) and 
Cory and Manion (1955) on B amencanus and B fowlert con 
finned Blair’s findings and showed that (1) the calls of the males 
were different, (a) B fowlert preferred grassland areas, {5) B 
emertcanus chose woodland areas, (4) the males of S amertcanus 
when congregated m the breeding ponds were active and attracted 
to disturbances in the tvater, while B fowlert males were scattered 
about the ponds and tended to remain hidden and quiet when 
disturbances m the water occurred, {5) typically B amertcanus 
finished its breeding period before B fowlert started breeding 
Apparently, although behavioral uolating mechanisms do exist 
the main isolating mechanisms are ecological m nature and the 
hybrid populations that now exist in various areas are primarily 
due to man's modification of the environment 

Careful investigation of the mating behavior of some species of 
frog has shown that sufficient behavioral differences exist to pre 
vent interspecies insemination Thus Noble and Aronson (1942) 
were able under experimental conditions to cause cross amplexus 
and oviposition between Rana ptptens and R clamilans The R 
ptpiens female followed her normal pattern of oviposuion while 
the male R ckmttans reacted m bis characteristic manner, and 
since these reactions resulted in die cloacae never approximating 
each other, the genital products of both, although they were shed 
at the proper time, never came into contact and the eggs were 

sterile . . , « . ^ 

Bragg {1944 and 1945) concluded that even though all species 
of Scaphtous follow a generally similar pattern of breeding th^ 
are quite effectively sexually isolated even when breeding in the 
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same pools.” While several interacting factors play their pam, 
the two principal ones are (i) differences in details of how males 
secure females, and (2) the attraction of calls of the males for 

females of the same species. 

The various examples listed above could be replicated in any 
group of organisms that has been adequately studied, and the 
particular ones given have been selected merely to show how be- 
havior operates in diverse types of organisms as an isolating 
mechanism. 


Discussion and Summary 

The full gamut of mating behavior as displayed by animals 
presents a vast and amazing array of seemingly quite different 
patterns ranging from apparently simple ones that endure for very 
short periods of time to extremely complex and spectacular ones 
that extend over a remarkably long time. This confusing welter 
of mating behavior can be roughly classified into a number of 
different types as follows: 

1. Sedentary aquatic type. The individuals of both sexes under 
the stimulus of environmenul factors simultaneously reach a stage 
of sexual readiness. One or a few individuals (typically a male) 
spontaneously spawns, and the sexual products then stimulate all 
other individuals to release their gonadal products epidemically. 

2. Basic type. The individuals of both sexes simultaneously 
reach sexual readiness due to the influence of environmental fac- 
tors, and then one individual, apparently invariably a male, seeks 
out and by trial and error attempts to copulate with an appro- 
priate and receptive individual. TTiis type of mating behavior is 
unspectacular, quite difficult of analysis, and is in need of careful 
investigation. The individuals involved form only fleeting liaisons 
for the period of insemination; the male is usually promiscuous 
and mates with more than one individual during his life span, 
while the female may or may not be promiscuous. The male ap- 
parently approaches the other individuals because of his sex drive, 
but little is knoivn about the mechanism whereby he can and does, 
under the influence of the sex drive, approach a certain individual 
but avoid or flee from other organisms. The female for her part 
can reject or accept the male's attentions, and the response is 
often made on the basis of what appears to be merely momentary 
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plij^tcal contact between the iivoorganiims. U the female refuses 
or jf the male has mijiakcnly approached a male or an mdividiial 
wiongjoi;^ to another cJojely related species, the separation of the 
tsvo indi\jduali may insohe sigoroos physical action; but typh 
rally it does not result In Injiit) to either individual since attack 
behasior seems lading in such organisms. Apparently the male U 
rncTcIy inhihited by ifie stimulus he receives from the nonrecep* 
live individual. Spurway has suggested to Dastock and Manning 
(' 95 i) •'inhibitory stimuli in sexual behavior v»ill be char- 
actcristic of non aggressive animals." This basic pattern is charac* 
terhtic of tnany invertebrates, especially the arthropods, and some 
vcftebratcs, particularly the amphibians. 

An extension or vari-ition of this basic pattern is the production 
by one sex, usually the male, of special stimuli such as sounds, 
o<lors, or obvious display of special onvamentation that attract 
the f cceptiv e indiv iduals of the opposite sex. Once the individuals 
arc close the basic pattern operates in typical fathlon This pattern 
is typical of many insects, such as sound-producing Orthoptent, 
scent pioductng Lepidoptera, and soon. 

Finally it should be noted that some organisms, for instance 
certain s;>ccies of birds like the spruce grouse, certain birds of 
paradise, and others, have secondarily returned to thb pattern of 
mating behavior. 

5. TemVoriisf tyfie. Organisms that maintain territories at the 
time of mating seem to differ from the basic type in that pir 
bonds of some duration are formed, and in that they possess strong 
aggressive or fighting and escape or fleeing drives at the same time 
that they exhibit the sexual drive. The interaction of these three 
drives results in complicated and often spectacular mating be- 
havior. In many of the species that follow such a pitcm, specific 
and unique recognition ornamentation and movemenu have 
evolved. This type can be further subdivided, as shown by Lorenz 
(1935) and Tinbergen (1939). aUhough they do not dwfgnate the 
major type as territorial. This type of mating behavior is primarily 
exemplified by vertebrates that establish territories during the 
breeding season, and has been evolved from the basic typ. 

A. Predatory nonlemtorial type. The same three drives that 
opratc at high intensity in the territorial typ also are found in 
many spiders and perhap a number of odier carnivorous non- 
icrriiorial spcics In these there has apprently evolved a typ of 
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mating behavior, including unique recognition ornamentation 
and movements, parallel to those found in the temtonal type 
Threat postures, derived movements, and all the other complex 
behavior so clearly found in the temtonal type are also found in 
this type 

5 Lek type This type is charactcnzcd by the facts that (i) the 
males carry on iheir mating behavior at a special restricted area, 
ivhere they gather together in number The females may normally 
be present with the males or may be attracted to the area, (2) the 
males are promiscuous, (3) the mating behavior is complex and 
often extends over a considerable penod of time Typical exam 
pics are the crabs of the genus Uca, the various Lek birds, and 
insects such as Drosophila Analysis of the behavior of such or 
ganisms shows that this group is an artificial assemblage denved 
evolutionanly from other types Thus the Lek birds have ap- 
parently eiolved from typical temtonal types, ivhile the Uca and 
Drosophila behanor has been denved from the basic type The 
cunous fact is that there is apparently great parallelism in the 
mating behavior of all these organisms It is to be expected that 
further investigations will uncover examples that will be found 
to be intermediate in varying degrees between the extreme Lek 
type on one hand and the basic and temtonal types on the other 
In fact, some cockroaches such as Pertplaneia amencana seem to 
represent an intermediate type 

Any classification is to some extent artificial for the simple rea 
son that the maimg behavior is an integral part of the total be 
havioral fabnc of any given species of animal Mating behavior, 
therefore, is to some extent unique for each species, and can be 
completely analyzed only by considenng the evolutionary history 
of the specific animals concerned It may in some cases, but cer 
tamly not the majority, be compounded from the resultants of the 
sexual drive plus other drives such as escape, aggression, feeding 
etc. 

The mating behavior serves two separate but reciprocal func 
tions (i) the successful consummation of bringing the gonadal 
products of opposite sexes of the same Mendelian population to- 
gether, and (2) the isolaiion of the gonadal products of a particular 
Mendelian population from those of another foreign population 
Behavior may sene the major role for the latter function but is 
often also aided b) other isolatmg mechanisms 
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In addition, mat, ng behavior may serve other secondary but 
related functions such as (i) synchronization of gonadal produc 
tion, (a) orientation of the individuals and (5) suppression of non 
sexual actions on the part of individuals of the opposite sex 
The special actions that accomplish these additional ends also 
secondarily have been interwoven into the isolation meeba 
nism 

Clearly, therefore, mating behavior serves an important role in 
the isolation of Mendelian populations Observation and analysis 
of those behavioral elements that ojwraie as isolating meclianisms 
show that closely related Mendelian populations invariably dis 
play quite similar behavior, in fact, the gross overt actions of 
closely related species are often more nearly similar than are the 
structural characteristics However, such Mendelian populations 
displaying identical courtship patterns are reproduciively iso- 
lated by behavioral differences that must operate at the sensory 
level Often such populations exist sympatrically and depend 
solely or primarily upon mating behavior as an isolating mecha 
nism In such instances it seems most reasonable to assume that 
these populations had at some previous period in their history 
been separated spatially, chat the di^rences that now isolate them 
must have arisen then, and that the populauons have subsequently 
come together again 

Conclusions 

1 Individuals of phylogenctically widely divergent species that 
are simultaneously sympainc and sexually mature respond 10 each 
other with an avoidance reaction such as is elicited by strange or 
strong stimuli This automatically prevents even the beginning of 
courtship 

2 Individuals of phylogenctically closely related species uni 
versally show similar mating bchavion, and these may or may not 
be effective isolating mechanisms 

g Behavioral isolation between closely related sympatnc spe- 
cies is usually only one of the isolating mechanisms that normally 
function between closely related species but it is often the most 
effective one of the senes 

4 Behavioral isolating mechanisms that function effectively 
when the species is dwelling in its normal Jiabitai may break down 
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when the individuals arc transferred to a new and different en- 
vironment. 

5 Behavioral isolating mechanisms arc typically innate, but in 
some forms also contain “learned” elements 

6. We can perhaps best explain die origin of the behavioral 
isolating mechanisms that exist between closely related sympatric 
species by assuming that they arose when the \fcndclian popula- 
tions were geographically isolated and ihat they have been rein- 
forced by selection when the two populations became sympatric. 
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Adaptation, Kainral Selection, and Behavior' 

Colin S. Pittendrigh 


PRXMCtTON UHIVKIIJITY AND TUI »OCRY MOUNTAIN 
BIOLOGICAL LABQAATOAY 


The writer’s assigned task in this symposium was to discuss 
behavior as adaptation- Both the concepts involved suffer from 
vagueness, that common affliction of biological terms; and the 
simple proposition that behavior is adaptive has been found either 
too trite to merit explicit discussion or too profound for brief 
treatment. The main problem m a short paper, in fact, has been 
to avoid a mere recital of platitudes; and thb has been faced, if 
not overcome, by changing the objective. Two considerations have 
ultimately dictated the change. First is the view that in a sym* 
posium such as this the primary goal should be a mutual clarifica- 
tion of concepts and problems; the evolutionist and the student 
of behavior should explicate what they offer and what they ask 
each other. Second is the belief that adaptation cannot be properly 
understood outside the context of evolutionary process. The most 
useOil cautvt for vsjt has, foerefore^ to a.ttera^ t es^pl-foa- 
tion of adaptation as an evolutionary phenomenon. Some major 
points are then illustrated by reference to two general studies of 
insect adaptation in which behavior has played an essential role. 

A third consideration supports my decision to go over— even 
partially — the old ground of adaptation as an evolutionary prob- 
lem. Like the equally vague term "competition” (cf. Birch, i957)» 
adaptation has not received the explicit attention it merits in the 
large modem literature on evolution. Leaders in the modem 
phase of evolutionary thought, mostly geneticists and systematists, 

• Previoutly unpublished observations repotted In this paper were made with the 
support o! grants trom the American Philosophical Society, the National Science 
Foundation, and the Eugene Higgins Fund at Princeton University. 
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seem in retrospect to have been preoccupied with the dynamics 
of population diversification at a highly abstracted level: they have 
been preoccupied, in fact, with speciation and isolating mecha- 
nisms. It is true that speciation involves (surely always) the de- 
velopment of new adaptation, but to leave it at that is not enough. 
There are quite fundamental aspecu of the adaptation problem 
that transcend the short-range processes of population diversifica- 
tion and reflect a long historical chain of transient opportunities 
and conjunctures of opportunity as the truly creative agent re- 
sponsible for contemporary biological oiganhation. Jr is pertwent 
in this connection to note that our most valuable explicit discus- 
sions of the origin of adaptation have recently come from a biolo- 
gist (Simpson, 1944, ^ 949 - * 953 ) whose attention has been focused 
on the historical record of life. 

I. On ADAPTATroN in General 
Adaptation: Teleonomy versus Teleology 

A number of svriters (see e.g. Medawar, 1951 and Sommerhof, 
1950) have noted that the words "adapt” and "adaptation*' have 
several meanings even in ordinary usage. It will be useful to note 
the commonest of these. 

1. Adaptation has been described as the relationship between 
the organism and its environtnenL This usage can produce and 
has produced some confused thinking. It leads to statements like 
the following being treated as equivalent: "Organism X is fit for 
environment Y”; "Environment Y is fit for organism X." * My 
objection is that this usage obscures the fundamental asymmetry 
of the relationship, the fact that the essential nonrandomness of 
adaptation is due entirely to the organism’s (not the environ- 
ment’s) capacity to accumulate and retain information both phy- 
logenctically and ontogenelically. The svord "adaptation” should 
be restricted to discussion and description of the organism. 

2. Perhaps the commonest use is exemplified by statements 
like the {ollomng: “The size and surface contours of the pre- 
molars and molars in £quuj are adaptations to grazing.” "The 
capacity of bees to analj-se polariration patiems in the sky, their 
possession of a chronometer, and their capacity to communicate 
information to other bees are ail adaptations serving the nutrition 

I. Cf ihe cieJe 0IL.J. Hfitdertoa'sgms U»K TA« Filnea cf the EnNrcti’r.ent. 
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o£ the colony ” The nord "adaptatton" here denotes some feature 
of the orgaLra-morphological. physiological, or behayiore 
svhich serves a proximate end (food getting, escape, etc) that the 
Obs^^el Jes he can discern fully by direct observation and 
without reference to the history of the organism 

Adaptation is also used to refer to those processes whereby the 
state of adaptauon (meaning a) is achieved Even here there ar 
two meanings to be sharply distinguished , j „ 

3 In the statement "Apodemm adapts to high altitudes by p 
ducing more red cells" reference is made to the process of acquir 
mg adaptation within the life span of the individual The capacity 
to adapt in this way— sometimes called somatic adaptability — h 
I tself an adaptation m the sense of meaning 2 The concept ot 
somatic adaptability covers all those processes like general homeo- 
stasis, habituation, antibody formation and, conspicuously, leam 
mg whereby the organization (information content) of the indi 
vidual is heightened with respect to some new environmenul 
situation But somatic adaptation (meaning 3) takes place without 
change m the information content of the genotype 

4 On the other hand statements like ‘ Some equids adapted to 
grazing conditions in the Miocene' imply a change in the geno- 
type Reference is being made to a historical process spanning 
many generations, it is the process whereby adaptation (meaning 
2) IS developed 

These four contextual definitions, while they do not exhaust 


Its meanings, serve to introduce the essential features of adapta 
non They all connote that aura of design, purpose or end 
directedness which has, since Aristotle, seemed to characterize the 
living thing, to set it sharply aside from the nonliving It is the 
connotation of adaptation — not the multiplicity of its denota 
tions — that has been us greatest burden m the history of biology 
For adaptation as a genuine scientific problem was obscured up to 
1859 by Its association with Aristotelian teleology, and since 1859 
It has had a hard time shedding a guilt acquired by that former 
association 


It IS idle, perhaps, to seek discrete beginnings in the growth of 
any science, biology included, but a strong case could be made 
for claiming the hundred years from 1760 to i860 as the gestation 
period of the life sciences This case would contend that adapta 
tion IS the central and most stubborn biological problem as well 
as the most characteristic feature of the living thing It would 
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point to Buffon (ca 176a) as the beginning his Natural Hutory 
contains two of three elements ttsential to the modem under 
standing of adaptation He spumed final causes as not materially 
efficient, and he introduced the historical or evolutionary princi 
pie into biological explanation The first step was not, to be sure, 
new with him. and he never fully grasped the second step for his 
vision of life's history was that of degeneration from pristine 
perfect types But the whole tenor of his discussion, especially of 
the hog, IS pointed toward the proper view It is to Danvin a 
hundred years later that we owe the third and most important 
element in what we might call the biological enlightenment This 
clement, natural selection, is important not so much as the driving 
force behind the historical process Buffon glimpsed, its over 
whelming significance is that it offered, for the first time, a pro- 
gram for the explanation of adaptation that \vas entirely free of 
teleology and thus conformable iviih the dominant scientific con 
ceptual scheme— that of physics 
It IS, I believe, worth while to recall these simple historical facts 
because m 1859 the concept of adaptation was by no means finally 
clarified, nor rescued from the disrepute of teleology Indeed it 
reached perhaps its lowest ebb of respectability about fifty years 
or more after The Origin of Speaes, and the causes of this disre 
pute are instructive The concepts of adaptation and natural 
selection are so inienvoven that u is impossible to misunderstand 
one without doing violence to the other, and at the turn of the 
century neither was well understood Adaptation was still not free 
of an air of perfectionism which in earlier writers like Paley had 
demanded an intelligent, designing mind , and Darwin's real 
meaning s^as obscured by clichfo of survival and struggle The 
overestimation of adaptation was altogether too much for the 
current misunderstanding of selection One has the impression 
that in the apparent absence of an acceptable (nonteleoJogical) 
explanation for its origin many students solved the problem of 
adaptation by nearly denying its existence Biologists for a while 
were prepared to say a turtle came asliore and laid its eg^ but 
they refused to say it came ashore to lay its eggs These verbal 
scruples were intended as a rejection of teleology but were based 
on the mistaken view that the efiiaency of final causes is nec« 
sarily implied by the simple descrtptton of an end-directed mech 

an ism _ 

Today the concept of adaptation is beginning to enjoy an im 
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proved respectability for several reasons: i» s«" “ ‘h- 

oerfecf natural selection is better understood: and the eng 
Lg physicist in building end-seeking automata 
use of teleological jargon. It seems unfortunate th^ *e tem 
"teleology" should be resurrected and. as I think, abused 
way. The biologist's long-standing confusion would be more Y 
removed if all end-directed systems were described by some other 
term, like "teleonomic," in order to emphasize that the recogni- 
tion and description of end-directedness does not carry a commi - 
ment to Aristotelian teleology as an efficient causal principle. 

The following sections attempt to clarify adaptation in terms 
o£ its origin by selection. 


Adaptation as the Total Organization oj a Living System 

In attempting to go beyond contextual definition of adaptation 
the close relationship — if not identity — o£ organization and a 
ution becomes clear. Organization is universally recognized to be 
characteristic oE life as evidenced by the general use of "organism 
for living system. But like adaptation, organization has been an 
intuitive and vague biological term. The following two poinu 
offer a useful approach to its more exact discussion: (i) all organi* 
zation is relative and end-directed; and (2) the converse of or- 
ganization is randomness. 

There is no such thing as organization in any absolute sense, 
pure and simple. Organization is always relative, and relative^ to 
an end; it differs from mere order in this respect. The organiza- 
tion of an array is relative to the end of defeating an enemy; and 
doing so, moreover, in a particular environment of terrain, 
weapons, and political system. A room may be organized with 
respect to relaxation — or, perhaps, to work which may demand a 
different organization. Certainly neither a room nor an army can 
be organized with respect to nothing. The importance of this 
point for the student of living systems is that he cannot lightly 
assert they are organized without being prepared to face the ques- 
tion: "with respect to what arc they organized?” There simply is 
no meaning to the word organization that will safeguard him 
against this question which so many biologists evidently sought to 
avoid. And there b little excuse for avoiding the simpler wordings 
"To what end b the living system organized?” Thus to say that 
living things arc organized b to say they are adapted. It b only 
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the i-agary of usage that has so far protected ' organization ' from 
the fatal connotation of teleology'* Neither term in feet neces- 
sarily implies teleology but both do imply teleonomy 
The second point is that orgamtation is nonrandomness it is 
the converse of disorder or randomness An organization is an 
improbable state m a contingent — a Gibbsian — universe, and as 
such It cannot be merely accepted u must be explained Organiza 
tion implies, m modern terms, an information content 
The concept of information as negative entropy has been dc 
vcloped in recent years by engineering physicists concerned with 
communications netuorks and the design of automata It promise 
to be a useful addition to the biolc^ists language permuting a 
new and potentially quantitative way of discussing all the so far 
vague and ill-dehned notions of complextly, organization, and 
adaptation that ore, in fait anafysts, recognized by virtue of their 
nonrandomness * The idea of information is the idea of the in 
structions necessary to specify one particular configuration out of 
an ensemble of many configurations that are, physically, equally 
probable The fidelity with which the improbable organization 
of fly or rosebush is reconstructed m each new generation is pos 
sible only by virtue of transmission from the parent of that in- 
formation in the genotype, that inherited message, ^vhlch specifies 
the constructional steps that comprize development 
This twofold approach to biological organization is useful m 
several ways By identifying organization and adaptation the latter 
concept IS put m proper pcrspectue The study of adaptation is 
not an optional preoccupation with fascinating fragments of nat 
ural history, it is the core of biological study The organism is not 
just a system some features of which may or may not be adaptive, 
the living system is all adaptation insofar as it is organized More 
over It IS still not enough to say that the organism is a bundle of 
adaptations ’ ^Huxley, 13^2). for this is to imply that organization 
IS an additive phenomenon and that discrete adaptations can be 
isolated from the system We must anticipate that, by identifying 
adaptation with organization, the abstractions necessary for our 
usual svays of thought tvill do violence to the real nexus of mean 
mgs. the organisms’ ends will be served m complex ways un 
amenable to simple description 

The approach to adaptation as organization is also useful in 

t See eg QuaiUer OWS) 



PITTENDRICH 


defining the errors committed by balking at a teleonomic desCTip- 
tion oE the turtle. The refusal to admit that the turtle came ashore 
to lay its eggs was intended as a pious assertion that a causal 
analysis was the only proper course open to the biologist. “ 

clear now that no organization — living or nonliving — is ever rally 
explained fay a causal analysis of its operations. The phy'sicist, 
since Gibbs, demands explanation o£ the origin oE the orgamza- 
tion. Thus the causal analysis of turtle motions leaves two fully 
meaningful questions unanswered: (i) What is the goal of turtle 
organization (including the subsidiary goals of constituent f»* 
tures)? (2) What is the origin of that information which underlies 
and causes the organization? A student in Princeton described the 
earlier insistence on exclusively causal analyses with the cHch^ 
“Newton or bust.** And this puts it ivell insofar as Gibbs was left 
out. 

Before proceeding with the implications for adaptation it is 
perhaps worth noting another terminological difficulty that arises. 
Several writers have recently given explicit attention to the three 
lines of explanation open to the biologist and have called those 
that arise from our two questions just noted junctional and evolu- 
tionary respectively, using causal for the other mode. “Causal" 
has many overtones, some of which are righteous, carrying the 
implication of nontcleological. It might, therefore, be better to 
replace the expression “causal explanation*’ with “physiological 
explanation,” and avoid the possible overtone that “functional” 
and "evolutionary” explanation arc antithetic to "causal.” For 
those features of life at any horizon in time which demand func- 
tional and evolutionary explanation have developed by a process 
that is itself fully causal in the sense of being free from teleology. 
Another rvay of putting this is to say that an exclusively causal 
explanation of life is possible but only if organisms are not ab- 
stracted from their concrete history. 

Of the two “new” questions we must ask about organizations 
like the turtle, the second is crucial: "What is the origin of that 
information which underlies and causes the organization?” The 
second laiv of thermodynamics exacts, as it ssrere, a general pay- 
ment from the universe in the form of a loss of information, an 
incre^e in disorganization; and we might accordingly restate our 
question as follows: “How has the information content of the 
genotype accumulated in face of the universal tendency to maxi- 
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mize entropy? The only general ansiver to this question is that 
outlined by Danvin natural selection Selection, as Fisher put it, 
IS a device for generating a high degree of improbability And, 
accordingly, it is by understanding the nature of natural selection 
that we get our best insights into the nature of the adapuve or 
ganization it generates 

T^alural Selection end ike Nature of AdapiaUon 

A key factor in the earlier misunderstanding of selection was the 
unhappy accident that Dartvm himself used the terms 'struggle 
for existence * and 'survival of the fittest" as convenient chchis 
for the process of natural selection which he himself nevertheless 
saw — at least at times — more clearly as differential reproduction 
The clichfa of struggle and survival, even for the professional 
biologtst have focused attention on secondary aspects of the his 
toncal process whereby genetic informauon accumulates They 
have focused it on individuals — and it should be on populations, 
they have focused it on the avoidance of death (perpetuation of 
the iRdividual)^and it should be on reproduction (perpetuation 
of the genotype) 

For the most part it is only since 1930— beginning with Hal 
dane’s and Fisher’s books — that selection has been freed of the 
nineteenth-century emphasis on struggle and survival, and has 
been seen pnmanly as a process of differential reproductive sue 
cess The very existence of living oiganiration is dependent in the 
first place on its unique capacity to duplicate itself, more precisely 
on Its capacity to duplicate, and hence perpetuate, the informa 
non — the inherited message of the genotype — that specifies itself 
The genotype is a phylogenetic memory store, what it gams it 
preserves and perpetuates by duplication It is the dependence of 
long term perpetuation on the duplication process that generates 
organic evolution and gives it that unique ^aracter of heighten 
ing organiration with respect to reproductive success As novelty 
is thrust into the inherited message by mutation and recombina 
tion, there is a slow net gam by the population gene pool of in 
formation with respect to reproductive efficiency. Alternative 
versions of the inherited message nuke larger or smaller ointnbu 
tions to the ancestry of future generations in proportion to their 
effect on the cffiaency of the genotype to perpetuate melt by 
reproduction If neneed a dicli^ it should be not survival of the 
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finest” but "the eventual ptedominance ol Je mo« emc.en^ - 

j " When Samuel Butler, that sharp critic c 

Ih.. » i. ""'I I™;;; “‘Si ri'S'. 

isrsraSSSiiK:. 

fn^ts cenotvoe. At least it is from such a perspective on the hen 
os only handmaid to the egg-that we get our best >"*‘2 “ ^ 
the namre of its adaptive organuation. Procurement of 
avoidance of death are proximate ends in relation 
aspects of the hen’s organization are dimcled. ; 

en^in themselves: these ends {and the fragments of 
that serve them) have been perpetuated because they arc i 
necessary means to the supreme end of reproduction, which is tne 


sole agent of perpetuation. 

The nature o£ natural selection as differential repr^uctive su - 
cess between contemporary genetic alternatives merits continua 
re-emphasis because oC the light it sheds on problems ot adapta- 
tion. And familiar as this view o! selection may be, its implications 
for adaptation are commonly overlooked. It implies that adapta- 
tion demands the historical context o£ becoming and a compara- 
tive approach for its evaluation. It implies that adaptation is a 
relative matter in many senses; that it cannot be discussed m 
absolute terms; and specifically that adaptation cannot be rec^* 
nized with a criterion oi necessity — for — ^viability. The necessit)- 
for-viability criterion of adaptation could be called the refrigerator 
fallacy, following Huxley’s apt analogy: it amounts to saying that 
refrigerators are of no use to us today because our grandparents 
did well enough -without them. The refrigerator fallacy goes with 
the older viesv of selection as being a matter of survival and re- 
gards selection as competent to explain only what is essential for 
survival. It finds much of life’s organization — like the behavior 


of bowerbirds, or the plumage of birds of paradise — to be baroque 
in the sense of exceeding what appears, a priori, to be functionally 
adequate. And what it overlooks b precisely the real nature of 
selection. It misses the point that genotypes cannot escape (al* 
though they may come to minimize) those processes of mutation 


and recombination that force novelty into the genetic message; 


and that, just as surely, genotypes cannot escap>e having that nov- 
elty processed by selection. Thus it is inevitable for the organiza- 
tion of living systems to exceed the functionally adequate and 
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attain an elaboration that is, in a sense, baroque The refrigerator 
fallacy would have us believe that mammalian organization is not 
adaptive because tt evolved m spue of the fact that reptilian an 
cesiors tvere fully viable Mammalian organization evoh ed not be 
cause Its constituent features were a unique and indispensable 
solution to the problems of land hfe but because m a histoncal 
succession of environmental opportunities mammalian features 
rendered organisms that possessed them the more efficient repro- 
ducers among the alternatives which the then current genetic 
alternatives realued 

It IS pertinent here to emphasize the necessity for a comparative 
approach in evaluating the adaptive meaning of contemporary 
forms The organization developed and perpetuated by selection 
IS always dependent on the genetic variation that ilie population 
genotype can mobilize In a later section it is shoivn how the com 
parative study of Drosophila pseudoobscura and D porstmths 
was essential for gaining what little undemanding we now have 
on the adaptive meaning of their behavior In deciding whether 
or not the photonegative r«ponse of pseudocbscuro is adaptive 
with respect to the low humidity conditions of its typical environ 
ment, it is quite beside the point to remark on the hict that D 
azteca successfully occupies roughly the same environment in 
spite of being phoiopositive The significant comparison is swih 
that species (peTs;milts) from which pseudoobscura has diverged 
both being descendants of a common ancestral population D 
pseudoobscura, or its parent species, could well have occupied 
Its present range before evolving the pboionegative response that 
is now one of its conspicuous adaptive features But once vanabil 
ity permitting photonegaimsm was mobilaed it was inevitably 
exploited insofar as it rendered the insects concerned better \ehi 
cles of their genotypes than those insects in the same species svbich 
lacked it 

Adaptation is thus relative to past genetic alternatives realized 
by the population, as well as to the particular environment the 
population inhabits And since the environment is itself comm 
ually evolving we are surely confronted in many contemporary 
forms with organization that is as it were, an adaptive anachro- 
nism, much of the organism must have evolved as adaptation to 
conditions— and m terms of genetic potentialities— long since 
past 
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Another feature of the selection process ^^hIch has 
consequences for adaptation is its opportunistic nature 
tial reproduction as tlic sole arbiter of biological succKs is in 
ferent to the nature of the feature sshich inacases efTicicncy ol 
reproduction The consequences of this arc among the common 
places of biological generalization A given problem— a given 
pattern of selection— is met by a multiplicity of different solutions 
in different (and even in the same) organism As ssill be seen in a 
later section of this paper D pseudoobscura has responded to 
selection stemming from desiccation hazards in a host of comple 
mentary wa>s, such as waterproofing of the cuticle, timing its 
activity, and behaving hygropositively and photonegatively In 
the geographic race of pseudoobsmra from the most adverse cn 
viTonment we have sampled vve anticipated adaptive specialization 
to the extreme environment, but we could not anticipate that all 
features bearing on water conservation would necessarily be cm 
phasized In fact this particular race (No 30G, sec below) m our 
collection does not possess the cuticle most resistant to desiccation, 
nor 15 It the most hygroposiiivc But it is quite spectacularly the 
most photonegative There are many v\'ays of skinning a cat— or of 
minimizing desiccation, and the realized vvTiy depends on the 
contingencies of past genetic opportunity 

The opportunistic nature of natural selection is something 
more, however, than its indifference to the precise manner m 
which functional needs are scr>cd It is the nature of a historical 


process full of contingency Space precludes an adequate discus 
Sion of the w'ay m which the interplay of physical, ecological, and 
constitutional opportunity (cL Simpson, 1953) creates a net his 
toncal opportunity which in turn dictates how the opportunities 
afforded by the prevailing genetic variance shall be exploited 
This net historical opportunity largely controls the direction and 
pace of adaptive evolution It is, however, from such an under 
standing of selection that we eventually perceive adaptive organi 
zation in its true light not as Paley s perfection demanding an 
intelligent designer but rather as a patchwork of makeshifts 
pieced together, as it were, from what was available when oppor 
tunny knocked, and accepted in the hindsight not the foresight, 
of natural selection Organisms are literally historical creatures 
and the study of adaptation— of their organization — must become 
in part at least a historical analysis It must attempt to unravel 
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the historical succession of ecological and constitutional oppor 
tunnies that generated the present system It might be argued 
that behavior as adaptation is simply not open to this histoncal 
viewpoint because the paleontologist has only structure" to work 
with This 13 of course wrong In this volume Roraer has shown 
us what the structure-function type of analysis can be made to 
yield ivhen the paleontologist reflecu on the history of behavior 
But, more importantly, the comparative method applied to mod 
cm forms is as fruitful of historical insights in the case of behavior 
as It IS known to be elsewhere This is well shoim here in the 
chapter by Hmde and Tinbergen and m the classical studies of 
Heinroth, Lorena, and Tinbergen Analyses of the major features 
of animal behavior along historical lines are a task far beyond 
the scope of a single paper, they are a task to which the whole 
symposium must address itself The remaining sections of this 
paper are restricted to a brief description of behavior of a low 
level of complexity as part of the total adaptation in some 
Drosophila and Anopheles species This brief description never 
theless serves to illustrate some of my general points 


2 Behavior as Adaptation in Drosophila 
PSEU0OOBSCURA AND D PERSmtUS 


Adaptive Divergence in loafer Relations 

In the following discussion macrodistnbution refers to gross 
geographic distribution on a continental scale mesodismbutions 
are between adjacent woodland types (eg oak vs cedar) on a scale 
of yards to a mile, microdismbutiom are wiihm a woodland on 
a scale of inches to feet (e g precisely where an insect rests on a 
tree) 

The macrodistnbution of these two forest drosophilids m North 
Atnecrcs ts «eiV AiSvwiT sxid Spixog,. For pres 

ent purposes we need only note the generally more northerly dis 
inbution of persmths compared to pseudoobscura, and the fact 
that as its range extends southward into California persimilts 
becomes predominantly an upland form In brief, perstmths oc- 
cupies the colder and wetter end of the macrodistnbuuonal range 
In the Sierra Nevada of California die two species occur togeiher 
Here a study of their distributions spatially (as between nw im 
mediately adjacent woodlands, one oak and the other cedar) indi 
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cated that there was a similar differential in their mesodistribu- 
tions; the persimilis population (compared to pseudoobscura) ^ 
heavily weighted into the moister and colder woodland (cedar) 
(Pittendrigh, 1947, unpublished observations). 

In laboratory work subsequent to the field study, we have to- 
cused our attention on the adaptive differentiation of the two 
species in their water economy (Pittendrigh, Hooper, Boyer, and 
Atwood, 1957)- A general problem which both species ^ 
■water conservation, aggravated by their small size and the highly 
unsaturated atmospheres they normally exploit. Their total adap- 
tation to this problem involves a host of distinct features some 
of which are anatomical, others physiological, and still others 


behavioral. 

Physiologically the feature we have studied most is resistance 
to desiccation due to cuticular transpiration. The geographic 
races and species involved differ markedly in the rate at which 



Ftg iS‘i. The adaptive diaerence in late of v^aier loss between Droiophila pseudo 
obseura and D peutmtUs From Pittendngh, Hooper, Boyer, and Atwood, * 93 ® 
Water loss is expressed as per cent wet weight lost per 4 hours by samples 
flies maintained at 0% RH and a*' C Standard errors arc indicated with each value 
plotted Males lose water faster than females, and perstmilts races (400 numbers) lo»e 
water faster than pseudoobscura races (300 numbers) o and b are results from two 
dutinct sets of experiments. 
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they lose water, evidently as a function of differences in cuticular 
lipids As n-as expected the four races of pseudoobscura which 
we have studied lose water less rapidly than do the persimilts 
races (Fig 18 t) It is, however, the behavior of the flies which is 
our pnncipal concern 

Behavioral Adaptalion to the Daily Cycle of Atmospheric 
Moisture Conditions 


The 24 hour cycle in the desiccating power of the atmosphere 
IS obvious and well Lnoivn and m relation to thu cycle many 
insects, including our drosophilids, have evolved behavior pat 
terns that supplement their anatomical and physiological adapta 
tion The most conspicuous of such behavioral adaptations is 
the rigorous control exerted on the time of day at which the 
adult emerges from its pupanum This is a highly critical event 
in the life of the fly, at the time of eclosion u is very susceptible 
to desiccation, and its tvings commonly fail to expand properly 
in low humidities It is. therefore, of the utmost importance 
that ecloston be forbidden tn the hot, dry midday It is m fact 
restricted to the cool and mom time near dawn (cf Pittendngh, 
1954) (F.g 18 2) 



Fiz iS 3 Adaptive difference btiwen Dr<m>phsla pseudoobsevra {wee 301) and 
D feaifnilU (race ioi) In oroe of tmcigencx from ihe pupal ease on July t; 195? 
/««t) AbJowa nine ol day in houn dawn at 4 a m luniet at 7 50 r h Ordmate 
per bo.r .n p=, «« rf ■UT' >«>1 Bo.h .prin 

In ibn gcncnlly mo.a ptnod follo»ing dim but p«udo»S.t»r« lenvii, It 
even more restricted thin perrittnlw' to the molster houn 


Although this piece o£ behavior is adaptively related ultimately 
to the moisture couditions near dawn it is ptoaimately controlled 
bv entirely digerent variables It is controlled by a temperature 
independent 24 hour interval timer (or cloclt) whose phase ts 
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appropriately synchronized with the external cycle oE physical 
change. Even the synchronization oE clock and externa! cycle is 
not brought about by the adaptively significant variable, mois- 
ture; it is effected by the dark-light transition at dawn, which is 
not only reliable in its timing but well perceived. TIte ultimate 
target time Eor the fly is dawn on day 2: to emerge at dawn on 
day 2 irreversible processes have to be initialed several hours earlier 
when the external environment (in the middle oE the night) is 
devoid oE reliable time markers. This initiation time is identified 
by an endogenous time measurement from zero hour at daivn of 
day 1. The points of general interest to the student of adaptation 
are clear enough; the adaptive end is achieved in a most devious 
way, exploiting well-perceived tokens (light) for poorly perceived 
correlates (cf. Pittendrigh, 1958. This paper is still in press). 

The mature flics are also confronted with the adversity of ex- 
treme desiccating conditions during the middle of the day, and 
again meet this problem with behavioral adaptation. Their flying, 
feeding, and sexual activity is virtually entirely restricted to the 
moist periods near dawn and sunset. Here the behavior pattern 
is evidently largely mediated by direct response to the condition 
of the external environment, and there is a suggestion (Dobzhan* 
sky and Epling, 1944; Mitchell and Epling, 1951) that again light 
intensity serves as a token for the less well-perceived (but ulti- 
mately significant) moisture. However, we have obtained clear 
evidence that in adult flies their 24-hour clock again plays a role 
in identifying the appropriate times in morning and evening; see 
Roberts (1956) and Fig. 18-3. 

The same kind of behavioral adaptation to the daily cycle of 
atmospheric mobture is especially clear and noteivorthy in an- 
other pair of closely related insects, Anopheles {Kerteszia) bellator 
D. and K., and A. (K.) homunculus Komp (bromeliad-breeding 
mosquitoes o£ South American rain forests), which I will return 
to later in this paper. A. homunculus has higher humidity de- 
mands than bellator, as evidenced by its geographic distribution 
and other details (cE. Pittendrigh, 1950a, b, c). Both anophelines, 
like the drosophilids, restrict their activity as adults principally 
to the da^vn and sunset hours. The declining activity through the 
midday and its rise in the later afternoon follow the humidity 
r^ime closely. In the case of these anophelines interspecific adap- 
tive differentiation in behavior is very clear: (i) homunculus 
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comes to its evening maximum even later (moister) in ‘he ev 
nine than bellator; and (a) as the forest dries out in the middle 
of the day and the entire vertical humidity gradient is depressed, 
both species shift their activity doivn the profile of the forest, 
thus maintaining themselves in the optimum humidity zone. A. 
homunculus always occupies lower (moister) levels on the forest 
profile (Figs. 18-4 snd 18-5)- 



Ftg iS ^ Th« higher humiduy demand of AMphetes homuneutus, compared wlh 
A bellator. The same diiTeTential dutrtbuiion pattern is found on the geographic 
gradient of maaodimates and the vertical gradient of microclimates in forest, rrom 
Pntendngh, 1950a. 


Adaptive Responses to Moisttire and Light 

The behavior oE the drosophilids in response to moisture and 
light is briefly outlined beiow because it documents well the need 
for the comparative approach in the elucidation of the adaptive 
meaning of a gi^en behavior pattern. 

\Ve have studied responses to moisture and light in laboratory 
choice-chamber systems, the technical detail of which will be given 
elsewhere (Pittendrigh, Hooper, Boyer, and Atwood, 1958). In 
both cases (light and mobture) the procedure consbts basically 
of scoring "choices" made between pairs of light intensities or 
relative humidities offered in two-way choice chambers. The hu- 
midity response b v ery complex in the sense both of the number 
of v'ariables (information inputs) that affect it and the manner 
in which it b executed. The choice b affected by sex, age, water 
balance, time of day (as given by 24-hour clock), light intensity. 
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and temperature. At least tira distinct sets o£ moisture receptors 
are involved: the antennae contain receptors that evidently func- 
tion as cvaporimeters (perhaps exploiting the normal temperature 
sensillae), and the major thoracic bristles are also receptois (pre- 
sumably functioning by hygrometry). Dty preferences are effected 
almost entirely by an ortholdnesis, while in the selection of wet 
conditions a strong angular velocity component is involved in the 



Fig tS The adaptive 
djfTerence between 
pheiet homvnevlui and 
A. btllatoT in the daily 
cycle of toul feeding ac' 
tivUy and iu vertical tfis* 
inbadott TAe eum e! 
jDosquiio aetlvity> In gen 
na], followi the humid* 
ity curve, but Aomuncu* 
(us maintainr. through* 
out the day, a lower 
(wetter) distribution and 
rues to lu evening peak 
(also ascending the for 
est) at later (wetter) 
boun than bellalor. 


response. The organism is exploiting all relevant information 
sources bearing on the desiccating power of the environment; and 
responding in a complex fashion abo. 

We had expected in comparing the responses of pseudoobscura 
and bersimilU to find adaptive differences that ivould expJam the 
mesodistributions observed in the Sierra Nevada. Thus we ex* 
Dccted to find persimilb selecting nioistcr and darker altemamcs 
than pseudoobscura, because, on the average, pirsmihs habitats 
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(on mesoscale) are wetter and darker. We found, however, to our 
complete surprise, that all the geographic races of pseudoobscma 
we studied selected moister conditions than persimihsJYiz- 
Our first reaction to this result was to view it as a "pathology 
oE response due to the "artificial" conditions utilized in the labo- 

' Rwpome to "ao Percent* Choice* 1 



Fig tt-i The adaptive difference betnccn Drosophila pseudoobstura {leveral races 
numbered in the joo's) and D pernmita (several races numbered in the 400's) in 
iheir ttsponsc to humidity choices 

The upper figure shows that in five different choices covering the whole humidity 
Tinge pieudoobscura (race 301) showed a “wciicr pTcfcrcnce" than the perstmilii 
race (401) collected from the same neighborhood (Vfaiher. Cahlomia} 

The lower figure plots the regressions o! raponse on water balance (expressed 
as water km) The response becomes “wetter^ the more desiccaud the fly; but at 
all levels of water balance the pseudoofiscura races manifest a “wetter preference" 
than periimilu 
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ratory This reaction was due of course m part to our strong 
anticipa tion of the converse results, but it was also due to our knowl 
edge of the complexity of the system we were studying I have 
already listed the array of variables that affect the response Some 
of these affect it so strongly as to cliange its sign And, more 
over, the sign of the effect, as m the effect of light on the humidity 
response, may be different m the wo species, pseudoobscuTo 
can be made to go from a weak, ivet response in the dark to a 
dry response by turning on the light, svhiJe m persimilis a similar 
treatment transforms a dry response into a wet one Again, for 
some time we could elicit nothing but a universal dry response 
out of all our insects because, so it turned out, sve were carefully 
agitating the flies, to re randomize them, m between successive 
observations E\eniuany we discovered that our vigorous agita 
tion was eliciting a special response — ^presumably a kind of alarm 
reaction — that overrode the response othenv-ise characteristic for 
the strain, sex, age, light intensity, and svater balance being 
studied ^ It was for reasons such as these that we suspected initially 
that t!ie stronger hygropositivism in pseudoobscura was an arti 
flcial ’ result, that the behavioral system in the flies had evolved 
m relation to a particular combination of conditions that we ivere 
still not reproducing in the laboratory, and that hence the full 
adaptive organization of the behavior ivas still eluding us We still 
think that this is a danger constantly confronting the laboratory 
student of behavior, but fonunately results from a study of light 
responses lead us to an entirely different position It seems clear 
now that the stronger sset preference in pseudoobscura is adap- 
tively meaningful and reflects the normal difference m behavior 
as It occurs in (he field 

Drosophtla responses to light have been fairly extensively 
studied, using D tnelanogaster, which is a classical example of a 
strongly photoposiiive insect Our assumption (Fittencfngfi, 
Hooper, Boyer, and Atwood, 1958), shared by many drosophila 
workers ivho routinely "use the phototactic response to clear 
pseudoobscura from bottles and population cages, was that both 
persimths and pseudoobscura would be, like melanogaster, photo- 
positive At best we anticipated that persimilis (exploiting darker 
woodlands, mesoscale) might be less photopositive than pseudo- 


, We are .oclined to jurpert ihal tbl» shake dry respond “ ai we oil It m»l 
aewunt for the sarprujng eofflmcnnfts ol dry prrtetenee* rrponed m other 
of insect fmmi&ty preferences. 
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nh^aira It turns out that is indeed less photopos.tive 

.he speaes holds up at all light intensities and 

water balance It is interesting that m both species the po 
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fig tS 7 The adaptive difference between DrcsophiUi psevdoobscurc and ^ ^ 
nmilu In their choice of altemauve light mtensiues Dau were obtained 
black Y tube- fliej enter the «em of the Y down whose two arms hghu are in 
after passing through neutral filien of different density The flies response xs p ® 
as the excess over 50% found m the darker ana (photonegative response) or light 
ana (photoposuive response) The photonegative ^havior cl pseudoobscura is 
Data for D melanogaster given for comparison From Pitlcndngh Hooper Boy 
and Atwood 1958 


changes (increasing a phoionegative reaction in pseudoobscura 
and tending toward that reaction in persimihs) the temperature 
rises or water balance deteriorates This is an obviously adaptive 
qualification oE the response supporting the interpretation that 
the reaction to light is part of the adaptive complex directed at 
maintenance of water balance Light again is acting as a well 
perceived token for the less well perceived humidity conditions 
And again we are confronted with behavior in pseudoobscura that 
indicates a greater concern in this species to avoid the more un 
fa\orable {qua desiccating conditions) alternative offered to it. 

It became clear from our light experiments that the behavior 
we were studying was not concerned with causing the mesodis- 
inbuuon differentials (as between adjacent oak [lighter, dner] and 
cedar [darker, wetter] woodlands) Rather the behavior patterns 
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are adaptive comequences (m evolutionary perspective) of the 
difference in distribution Forced by other vanabics (still to be 
clarified) to occupy the dner end of the mesodismbution scale 
pseudoobscura has been under h«vier selection pressure to choose 
the moistest miaoniches available to it within its generally dry 
woodlands On the other hand pemmtlu being restncted to gen 
erally wetter and darler woods has not been so severely obliged to 
Seek the moistest niches (microdistribution scale) This new inter 
pretation moreover immediately clarified another surprising 
datum which we had shelved for some time we had been per 
plexed by the fact of pseudoobscura s emergence activity s being 
even closer to dawn than that of persimi/w (Fig 182) Here again 
IS a behavior pattern adaptively onented to the moisture regime 
less accentuated m the species from the moisier woodland 
The student of behavior more than the evolutionist may be 
surpnsed at the extent of the inherited differences m behavior be 
tween the geographic races ivithin our species These differences 
—at least the major ones — are like the net interspecific difference 
adaptive The geographic race of pseudoobscura from the most 
adverse environment sampled is No 506 from the her and dry 
San Joaquin Valley at the foot of the Sierra Nevada It 1$ quite 
clearly the most photoncgativc of all the races On the other hand 
strain 307 is (he most persimthshke of all our pseudoobscura 
strains not only m its light response but also in us reaction to 
moisture and in its resistance to desiccation Thu u of special 
interest to the evolutionist for the folloivmg reasons Strain 307 
was collected at 8 000 feet in the vicinity of Dr Simpson s home 
in the Neiv Mexico Rockies Here it is in an ecological zone (the 
Transition) closely comparable witli that in the Sierra Nevada 
from which strains 301 and 304 were collected D perstmtUs is 
present in the Transition Zone of the Sierra Nevada and com 
petes with pseudoobscura 301 and 304 persimihsis however en 
tirely absent from the whole Rocky Mountain chain where the 
moister end of the mcsodislnbmxon scale is therefore more aiatl 


able to pseudoobscura chan in the Sierras Here then in strain 307 
from the Rockies there is a mminiizaiion of those compensatory 
adaptations that are forced on Stem pseudoobscura by its restric 
tion (ultimately due to persttntlts competition) to dner woodlands 
The most general point emerging from die present data and 
worth re emphasis on closing this section is the fact that without 
the comparauve approach we coaid not hope to discern the adap- 
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Xe status of the behavior in either species. Nor ™th<n.t knowl- 
,dee o£ both the light and the humidity response could we b 
newly so confident that we understood the adaptive meaning 
either. 

3. Adaptive Behavior is Anopheees (Kerteszia) 
Species 

Behavioral Basis tor the Coexistertce of 
A. homunculus and A. bellator 

I propose now to discuss briefly some aspects ot behavioral 
adaptation in the two rain forest anophelmes. Anopheles (A 
teszia) bellator D. and K. and A. (K.) homunculus Komp. to whi^ 
I referred briefly in an earlier section. These two mosquitoes a 
all but one of the other members of the anopheline subgenus A. 
{Kerteszia) breed exclusively in the interfoliar water of 
liads. The epiphytic bromeliads in rain forest retain a well-dehne 
demand for high light intensities that reflects their early evolution 
as terrestrial plants in deserts (Pittendrigh, 1948). Consequently, 
the flora in which the anophelines breed is concentrated markedly 
into the upper, highly illuminated, canopy levels of the forat 
(Fig. 18-8). A. (Kerteszia) spp. are correspondingly canopy speaa 
in their typical rainfall zones. However, where the anophehna 
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Fig. j 8-8. The vertical distribution of bromeliads and anophelines in differcni rain 
fall zones in Trinidad, BAVJ. (from Pittendrigh 1950c). Large bromeliads (plo* 
as large Vs) arc found only in the canopy; small bromeliads (plotted as small v s) 
are present in the canopy and are the only plants in the lower, darker levels o 
forest. Vertical distributions of A. beltator (supple) and A. homunculus (solid bla ) 
are shown in three rainfall zones: wet, intermediate, and dry. In the intermediate 
zone the homunculus vertical distribution remains high only in a few ravines an 
heavily liana-covered patches of forest that are wet and dark; in general, it u 
pressed by the low general humidity and is thereby divorced from the large 
bromeliads in the caimpy. 
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spread out on the geographic scale into drier areas, their vertical 
range in the forest becomes depressed They move downward on 
the gradient of forest climate to meet their ovemding demand for 
adequately high humidity This doivnward shift in dry geographic 
zones tends to divorce the mosquito from its mam breeding ground 
in the canopy When, as m the case of komuncultis, the dry end 
of one species’ range is the optimum fora competingsisterspecies 
{bcllator) this doivntvard movement is a severe setback Thus m 
central Trinidad (British West Indies) where homunculus pene- 
trates the rainfall range of bellalor it is ostensibly at an adaptive 
disadvantage because its tnoisturo requirements give it far less 
access to the mam canopy flora of bromehads than bellator (flying 
higher because of lower humidity demands) enjoys (Fig 188) In 
deed the coexistence of homunculus with bcllator in such ctr 
cumstances is a mystery until one discovers the two behavioral 
adaptations that give homunculus the necessary specialization to 
avoid elimination in unequal competition mth its sister species 
for the bulk of the flora in the canopy 
There are a feiv bromehad species m Trmidad which have 
penetrated the lower (moister and shadier) levels of the forest It 
so happens that in Tnmdad (as against South Brazil for example, 
vide Fittendngh, 1950c) these are all small species holding about 
30 cc of water, the exposed surface of which is very small and 
inaccessible because of overhanging leaf blades Experimental 
study of the ovipositional habits of both bcllator and homunculus 
(Pittendngh, 1950b c) showed that the latter was better able than 
bcllator to oviposit in these small plants of the lower forest levels 
The difference between the species is not large, and the adaptive 
meaning of homunculus oviposition habits would again not be 
evident if we lacked bcllator for comparison (Fig 18 9) 

The adaptive specialization permitting homunculus to coexist 
with bellator m this isolated (isUnd) area of overlap is thus stnctly 
behavioral and has evolved under competitive pressure from bel 
lator, which has clear supenority in utilizing the large bromehads 
in the canopy The evolution has exploited the local opportunity 
afforded by the fact that the lower moist and shady levels are 
occupied nearly exclusively by small bromehads The details of 
the bellator homunculus behavior differential have not been 
studied directly It is however in the highest degree likely th« it 
devolves on the space required for the ovipositional act (Pit 




Fig xJ-j Cehationl acUputiofu in Anopheles homunculus bearing on lu 
acccM to the anopy in * bo « cl Trinidad {from Pittendrigh 1530b and 1950^ 

The upper figure compares the relative utiliatlon of large (Craxnsta) and *«* 
(Cuxmania) broracUads ^ A bellotor and A homunculus Uliluation of the larj® 
plant b ultra ai ia> for both Iniectr utiltcation of the imall plant is plotted as a 
"breeding Indea" (decimal fraaion of Ceevwia utiliution) for the two mosxjuiiocs 
A homunculus mahes more uic o! the tniall plant from the lower forest levels 
The lower figure plots the vertical dutnbuUora of bellator (dashed line) ^ 
hemunnifui (solid line) activity In (orcst The vertical distribution of feeding activity 
U given In (1) and (1) for afternoon and evening respectively, (3) gives the over a 
veitlal diniibuUon of oviposition activity, (<) shows the comparable vertical dis- 
tribution of large bromeliads (large V symbols) and small bromeliads (small v 
rymbolO It b clear that honuriesfus restricts oviposition to lower levels than It h^ 
physiological access to; and that these are the leveb populated exclusively by •»»“ 
i broseUads. la the cxploiutlon of vrhidi homunrufur b superior to belUlor. 

/ 
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tendngh, 1950c) Mosquitoes often demand a considerable stretch 
of uninterrupted tvater surface in order to oviposit successfuliy, 
« RmselJ and Rao (1944) showed for Anopheles cultfactes in 
India In the evolution of species of Anopheles (Keriesita). tx 
ploitmg, as they have the small and obstructed surface of tvater in 
bromehads, one of the adaptive adjustments must have been in 
respect to the ovipositional dance* In Aomimru/uj this tendency 
has reached its limit, so to speak I have seen homunculus oviposit 
while It sat still on the bromeliad leaf at the edge of the minute 
"pond in between the leaves of a bromehad 
The elimination of a dance and willingness to utilize small 
confined surfaces are not the only adaptive specializations in 
homunculus behavior that have evolved m relation to the par 
ticular environment in Tnntdad A hellatoi's feedmg and ovi 
positional ranges on the vertical moisture gradient are, to all in 
tents and purposes, identical A homunculus, however, restricts 
Its oviposition to much lower levels than it needs to in terms of its 
moisture demands its vertical feeding range is extended into 
much higher levels than it chooses to oviposit in The adaptive 
meaning of this is clear, having gained superiority over bellator 
in the exploitauon of the bromehads that inhabit the lower levels, 

It now restneu its ovipositional activity to these regions (Pit 
tendngh, 1950c) (Fig 18-g) 

Exploitation of a Behavonal Opportunity 


The behavior of these anophelines in breeding leaves the ob 
server forcefully impressed with the extent to which distnbutions 
may be controlled by behavonal convention rather than physiolog 
ical necessity In experimental breeding plots (Pittendngh, tg^ob) 
in the forest we found that neither species would lay eggs m dishes 
or cut bamboo filled with bromeliad water and its usual micro- 


fioia and fauna Immediately adjacent bromehads were laid in 
regularly, and the dishes and bamboos were wholly adequate, m 
the sense that larvae placed m them developed normally Evidcndy 
the only reason they ■were not exploited was the absence of cues 
m the form of the bromeliad leaf cut bromeliad leaves placed m 
a ‘vase ' of bamboo chat oviposition when none occuw without 
them (Pittendngh, 1945. unpublished observations) 

In a croup like A (Kerteszia) where, as 1 believe convention m 
breedme behavior is so important m controlling distnbuuon and 
abundance, the evoluuon of a new behavioral convention may 
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iLn assume just as great or f-^-^^rreouTrern^^^ 
iological competence such as o (Kerleszia) knotm that 

adaptive zone. 
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Part Five 


Evolution and Human Bohavior 


In any discussion of behavior the oJd question 
of instinct versus learning arises, in one form or 
another and in various more or less equivalent 
lemiinologics. This book is no exception; several 
of its authors have discussed the supposed dichot* 
omy. All the objections and dtOiculcies that have 
come to adhere to the svord “instinct” have been 
cited, and yet there is clearly a consensus (as there 
was in the conferences without complete unanimity) 
that there is some distinction here and that with 
suitable disclaimen and explanations the old labels 
may apply as well as any. When one turns, as sve 
now do, to the subject of human evoluuon and hu- 
man behavior, a related although not quite identi- 
cal dichotomy at once leaps to all minds: in any 
aspect of human behavior we have to take account 
of biological and of cultural aspects that are some- 
how, if only vaguely, to be distinguished. It cannot, 
to be sure, be maintained that the whole behavior 
of other animals is “biological’* and that man's 
ancestors started with a “biological behavior lys- 
te/n” on srhich a wholly different and ne^v "cultural 
behavior system" was later superimposed. Never- 
theless human behavior does c/early combine ele- 
ments— and we may as well cal! them "biological 

that are phylogenctically older, more widely 

shared with others in the animal kingdom, and as a 
rule more obviously related to (not necessarily 
rigidly determined by) generic facton, with other 
elements— and almost everyone rccognircs them 
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under the term "cultural"— that are on the whole 
of more recent origin, more specific to man, and 
comparatively independent of biological inherit- 
ance. The study of specifically human behavior 
must therefore give preponderant emphasis to its 
cultural elements, but much of its complexity is 
due precisely to the fact that these are not two 
separate behavioral systems but are inextricably 
interwoven into one. 

The biological elements of the system are espe- 
cially considered in Chapter 19, which compares 
man and other primates and stresses behavioral con- 
comitants of the origin and early history of the hu- 
man species. It is pointed out that there has been 
an accretion of hereditary changes in which succes- 
sive, new behavior patterns can even be correlated 
with functional, morphological units in the skele- 
ton. Chapter 20 might be considered aniiphonal 
to Chapter 19. In it culture is seen as essentially a 
biological adaptation, and yet one with its own 
quite special processes of accumulation and trans- 
mission. It is insisted that all evolution involves 
progress and that cultural evolution continues prior 
progress in (partly) different ways and to new 
heights. Conditions believed necessary for that 
progress are considered, and the dilemmas of sta- 
versus eViamge, AvvmVty vrrsus xmVty trre ex- 
emplified in the headlong cultural evolution of the 
modern world. 

The syncretism of human biological and cultural 
evolution has, plainly enough, both analogues and 
homologues elsewhere in the animal kingdom, but 
nowhere does it produce such ambivalence as in 
man, the anxious animal, as psychologists see him 
in Chapter 21. Sexuality, aggressivity, and acquisi- 
tiveness, the dimensions chosen by the authors for 
the major part of their analysis, have deep evolu- 
tionary roots. In the human species they are sho^vn 
to be complexly projected into cultural milieus 
where they can as well be maladaptive as adaptive. 
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and where the resultant conflicts are as yet hr 
from resolved. 

Finally in Chapter a* the cultural determination 
of human behavior h considered from an anthro- 
pological point of view. Earlier attempts at evolu- 
tionary interpretation of the subject fell into dis- 
repute or became sterile, but the desirability of 
such an approach is now again evident and its pos- 
sibility is demonstrated. The nature and processes 
of cultural changes, reversible and irreversible, are 
discussed, and the cumulation of cultural experi- 
ence, as affected by gradations of recognition and 
techniques of transmission, is studied in some de- 
tail, with a striking and explicit example in a group 
that has undergone radical cultural evolution in 
our own day. 



Evoluhon of HuTnun Behavior 

S. L. Waihbum and Virginia Avis 


ONIVtllSlTY Of CHICACO 


Human nature is (he foundation upon which cultures must 
build, and it has long been recognized that the attainment of 
human biological status ivas a necessary prerequisite for the de- 
velopment of an elaborate way of life. The fectors differentiating 
beisveen the human tvay of life and that of the ape are bipedal 
locomotion, the use of tools, and numerous functions of the brain, 
especially speech. The tremendous importance of these has been 
emphasized for a century, having been svell described in Huxley's 
Man’s Place in Nature. Since the conditions surrounding the 
origin of man have been greatly clarified by recent fossil dis- 
coveries and new techniques of dating and analysis, the main part 
of this paper will be taken up by a consideration of the inter- 
relations of locomotion, tools, diet, and intelligence. 

However, much of human behavior b shared svith many other 
primates, and a general view of the origin of human nature from 
an evolutionary point of vieiv must describe these features held 
in common as well as those which differentiate man. For example, 
stereoscopic color vision, though shared svith many other primates, 
is an important delenninant of human behavior. Since the gen- 
tfnrf fesiar^ kaiasa htes! descrihext 

they have been put into tables here with comments under each 
section; thus the emphasis will instead be on the origin of those 
features differentiating man from ape. Before we examine the 
tables, however, it is well to remember that supporting evidence 
for the various statements is of very different caliber. For example, 
the characteristics of the teeth are preserved and can be studied 
directly, but the probable diet of fossil forms can only be inferred 
from the dentition, skull, and habitat plus a knowledge of living 
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thVs^Tdy o£ bth“X’dTnot fLnL'rtTand can be 

l?"hvnotheucal" but the evolution o£ roan can be undeistood 
onN wth the aid o£ imaginative reconstruction The ^ ^ 

o£ eTOlution was that o£ a succession o£ adapting P°P“'“'° ' 
the phylogenetic explanation of man’s nature is the understan 

Table ig-i. Reproduction and Growth 



Afon^s a 

Apet^ 

Afan 

Heproducuon 

Menstrual cyde 

Temale reapuve during 
esinu 

Yes 

Yes 

Yes 

Yes 

Yes 

Pcmale receptive at 
most times (essential 
to monogamous family) 

Breeding season 

None 

None 

None 

Single otlJpnng with 
great maternal care 

Yes 

Yes 

Ya 

Growth 




Bate 

Slow 

Slower 

Sbwet 

Maturity 

a-4yeaTs 

8 years 

14 years 

Male full grown (i-e. 
foaally dominant) 

7 years 

11 year* 

so years 

Penod of infant dependency 

lycar 

ayean 

6-8 years 


a. Old World monkeyr primarily Cereopithtcus 
b Oranguun gibbon gotilU. and primarily, chimpanice 


ing o£ the sequence o£ adaptive radiations in which man s an 
ecstors took part. It is unfortunate that there are not many more 
primate fossils so that the history of this group could be under- 
stood in detail However, many of the living forms have changed 
far less than has man, so that comparative anatomy, ecology, and 
psychology can enneh our mterprctations of the bones 

In general, human reproductive behavior is shared with many 
other pnmates, that of monkey, ape, and man having much m 
common and contrasting greatly with that seen in primitive mam- 
mals Man’s distinctive features are the loss of a sharply defined 
estrus penod in the female and the prolongation of the groivth 
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period Both are important determinants of behavior When 
estrus IS present, the female m heat mates with several males, and 
the limitation of male sexual activity found in all human so- 
cieties presupposes that the female is usually receptive Among 


Size of Group 


Table 19 2 

Stonhe^t 

SOViithinuch 
variation (to 
over 75 In 
baboons) 


Grooming 

Adult males dominate 
and protect 
Canines in male 
Adult males provide 
food 


Yes 


Social Group 

Apti 

Same {gibbons 
cicepiional 
family only) 

Yes 

Yet 


Urger 


Very large 


Very small 
None 


Very large 
Never 

Very small 
Temporary nens 


Yes 

Small 

Major res pondbility 

(related to tools 
and the eamlvo* 
xous habit) 
^eTybrge 

Sbelieis bouses 
clothes 6re 
Speech 


Territory 
Shelter 
Sounds 

rpib" w-'- .he pc 

pared with that of the monleyi and apo th' 

comparison with most ma ^ , mlhout aid allhou^it 

.„tant.sahletocl.^to*a .™tta”f_;; days The 

may receive help from Ihe mojh erlreroely 

human infanl has nothing lo „„ld be esolsed with 

improbable that this jiagteo o ^ ^„man brain .. 

out devices to help the lhan that of many a u 
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u,s pnmanly dunng the fim e.gh.een 

that L human bta.n achieves tts P , he gen 

OE the raptd fetal powth rate ts ptob h y oE 

eral helplessness oE the human tnfant IE the CTtreme 

human development in the first year “ ” difference in 

postnatal increase ,n brain size, it is probable *at dme 

^te oE maturation oE man and ape developed ent.«ly 

use of took Other evidence will be presented to show that th 

'"‘Bytht'ime an ape or monkey ts weaned ^d 
prodded. It IS able to live by its own food 

with man Hunting, the use of tools to ’ “V” 

preparation all mean a very much longer period oE dope ^ 
for the human child, even at a quite 

pared to the ape, cultural dependency is added to biol gi 

^'^ere « no evidence oE any general trend toward, or group 
larger than, those o£ baboons until after the use of tools weu 
made tools belonging to clearly defined traditions, ® 

through second interglacial times, and their makers were pro y 
intelligent enough to be organized in much larger 
complex groups than those seen among living monkeys and ap 
Man was certainly hunting at an even earlier time (second S*^*^*® 
times) so there must have been some zoo ooo years during wm 
men were living a hunting tool using fire making, complex lue 
before men anatomically like ourselves appeared With the lattCT 
came human soaeties having music, dancing, and art, all of whic 
have existed for at least 30 000 years 

Table 19 3 Special Senses and Brain 


Seme of smell redaced 
PnmiUve muzzle lost 
Tactile hairs lost 

Stereoscopic color vision 
fovea active by day 

Reduaion in size and loss of 
mob lity of external ears 


Monkeys 

Yes 

Yes 

Yes 

Yes 


Yes 

Large 

Tew 


Apes 

Yes 

Yes 

Yes 

Yes 

Yes 

Larger 

rew 


Afan 

Yes 

Yes 

Yes 

Yes 

Yes 

Largest 

Speech 


Sounds 
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Large canines in the male cannot be related to diet as the males 
and females eat the same things and the males do not provide 
food. They are probably related to dominance in, and protection 
of, the group, both of which functions were gradually replaced in 
early human societies by loob. 

In primates the great change in the special senses apparentfy 
came between the prosimiam of the Eocene and later forms, since 
those of monkey, ape, and man are very similar. The latter three 
all receive the same sensory impressions and explore the world 
with hands rather than tvith muzzle, but the larger brained forms 
have greater memory, foresight, insight, and power of abstraction. 
It is, however, in the association areas that the human brain is 
especially enlarged; this shows most dearly in the case of speech. 
Baboons and chimpanzees, for example, can make a great variety 
of sounds, some of which convey general infonnarion, but those 
sounds are hw in comparison with man’s, and speech in even a 
simple form is confined to man. Apes can be taught to assodate 
quite a fesv sounds with meaning but they are (with minor ex* 
cepiions) incapable of producing words themselves. It can be 


Table 

19-4. Locomotion, 

Posture, and 

Movement 


JlfonAcyj 

Apa 

Men 

Locomod'oa 

Quadrupedal 

BraehlaiJng 

Bipedal 

May Le on 

Side 

Back. 

Back 

Sleep 

Sitting comfortably 

Lying 

Lying 

Wijst 

AbducCion and idduclicn 

Much more; in 

Much more, in 

liiUeandin both mid* 

radiocarpal 

radiocarpal 


carpal and radiocarpal 
joint 

joint 

joint 

Torearm 

Supinauoo approximately 

i8o* 

l8o* 


SO* 



Shoulder 

^foderately mobile 

Very mobile 

Very mobile 

Stretching o( 
anns 

Forward 

To side 

To side 

Ann tnusdo 

Big extensors 

Dig Cexor* 

Big Saen 

Thumb 

Small, but used 

Small (used 
losT) 

Large, great use 

Mo^emene 

Eapld 

Stow 

Stow 

Vucea 

Adjusted to quadrupedal 
position 

Adjutedtoup* 
right position 

Adjusted 10 up- 
right po*i tier 
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impossible svith less than approximamly 800 ^ o£ P 

Ityl^d that It nomally requites much more than thau 
The prtnapal differences between monkey and ap= j ' 
locomotor skeleton, the former keeping the proporuom 
movements of a small arboreal quadruped ^hde^ a^ ® ^ 

trunk muscles are modiHed for sisinging under branche^ 
non) Man shares these bone muscle joint acuon “tnpl^ 

the ape (Loth, 1931) The proportions of Ae trunk of man 

ape aUo are similar (Schulta, .930), and the arrangement of to 

viscera-heart, lungs, small intesune, colon, etc.— is mu* 

In the preceding tables and commenu the attempt has 
made to sunmiarue bnehy some o£ the information on 
apes, and man v.hich might be useful in the study of the ongm 
human behavior It ^viU be seen that many important 
complexes (special senses, most aspects of reproducuon, etc.) ar 
shared by all three groups Because of this, their evoluuona^ 
ongm must be sought among the prosimians, probably pnor 
the Oligocene period, Man shares the charactensucs of his arms 
only vath the apes and is unique in his brain and tvay of locomo- 
tion. This view of man is put someisbat differently in the accom 
panymg picture, m which the human body is shown divided into 
three funcuonally distinct areas each of which has acted sur 
pnsmgly mdependently during the course of evolution The arms 
and trunk are seen to be the least changed part of our locomotor 
system — that part which we share wnth the apes The bipedal 
complex developed millions of years later Finally, the head ^ 
shown as that part of us which attamed its present form last of ail 


It has long been possible to see how’ the arboreal w’ay of li^® 
preadapted an ape m special senses intelligence, reproductive 
behavior, motion of arms and trunk, structure and disposition or 
the viscera, and form of teeth for life as a human precursor But 
unul recently the lack of fossils of very primitive men made it 
impossible to do more than guess, in a general v\'ay, hoiv a bipedal, 
tool using hunter emerged &om an arboreal, vegetarian ancestor 
Theones of human evolution were further complicated by the 
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fact that some Homo sapiens fossils were supposed to be of great 
antiquity, and many scientists believed that men essentially like 
ourselves had lived throughout the Pleistocene and perhaps well 
back m Pliocene times The discovery of the australopithecines, 
extremely primitive hominids of early Pleistocene age, and the 
discrediting of numerous sapiens fossils (see Vallois, 1954) for 
tvhich great antiquity vras claimed have simplified the probable 
picture of man s origin, suggesting a greater importance for tools 
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r a cause o£ much o£ svlsat is 

f«e“r;b -ra^Ss — to weiMennea t.ai- 

tools, ana It is dear irom the great site o£ Chou kou 
meH were fully bipedal, with femora in the range o 
living man, they were hunters ana fire users, nial 

skulls. The Java-Pekin group suggests diat men whose po 



• Prtpared wiih the aid cl R. B Bnidwood. F CUrl Howell, and Kenneih P. OAiej 
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skclttom jvcrt essentially ItU one o™ had an average crantil 
rapacity of only 500-1,000 cc or approximately halhvay between 
tne oram sue of luing apes and living man 
The orjgm of man and his way of Jjfe must Jie further back, in 
the early Pleutocene Near the end of the early Pleistocene there 
arc pebble tools, but it is uncertain what forms of man made 
them It IS quite possible that the men represented by the earliest 
Java skull, the Mauer jaw, the two jaws called ^feganthropus/' 
and the fast of the austrafopithecines all belong to this time 
Archaic types may have lived beside true men for a considerable 
period of time and both may well have been making tools How 
ever this may be, tools must have been used long before stones 
were deliberately fashioned m a way rccognuable today It is be- 
cause the australopithecines may represent such a tool using (hut 
not stone fashioning) animal living m Villafranchian times well 
before any of the fully bipedal, large blamed men that the ex 
nmwatton of these animals is cnctcal to any theory of the actual 
origin of our behavior These remarks will be confined to the 
specimens from tlie earlier deposits (especially Sterkfontein) be 
cause the earlier forms seem less specialized in the dentition, more 
like men of the middle Pleistocene, and seem to be early enough 
to be actual ancestors of the later forms 


The australopiihecme ihum is remarkably like that of later 
men (Clark, 1955. Mcdmck, 1955) After examination by the 
senior author of the original sjTccimens of the pelvis and sacrum 
from Sterkfontein, through the generosity of Dr J T Robinson 
the ivritcrs feel that tlicse can only be reconstructed as belonging 
to a bipedal animal Tins view has been criticized (Zuckerman, 
J954), but the human ilium is a very specialized peculiar bone 
The ausiralopichecine ihum resembles that of man in those very 
features which make possible the upright posture and in ivhich 
man dilPers from aCC other mammaA The fragnreni^ cf SmsuF 
support the bipedal interpretation, but there are some features 
which are not fully human (especially in the ischium and size of 
the femoral head) It is for these reasons and those outlined in 
detail by Mednick that the writers feel that these forms were not 
as efficient bipeds as man If some of the australopithecines were 
ancestral to the early men there was considerable evolution m 
the pelvis during the lower Pleistocene Once the femur had at 
mined the large head and great length (charactcnstic of all men 
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ready had the other human characteristics, tool using, Tg 

^"Thm^have been several reports suggesting that 
lopithecines used tooU o£ bone The “us- 

have been unconvincing. It has also been claimed , 
tralopithecines killed other animaU, but again proof is lacwng^ 
and the australopithecines may have been tbe 
the hunter. However, there is indirect evidence which stro g y 
suggests that these creatures were usmg took, hto an 
australopithecines are differentiated sharply from the ape 
monkeys in the sire of the canine teeth. 

worn canines of some ape and monkeys are given in Table B • 

It can be seen from the figures that the canines are long, pr J 
far beyond the prcmolars, and that those of males are much 
than those of females. In the australopithecines and man 
canines project so little that they wear off fiat like incisors an 
there is no sex difference in size (Robinson, 1956)- discussc 
earlier in this paper, large canine teeth are associated with fighun^ 
not with diet. This being true, the great reduction of these tee 
in male australopithecines implies that the teeth ivere no longer 
important for this purpose. Since these South African forms were 
plains-living, could not have taken refuge in trees, and proba y 
did not run even as well as man does, it seems quite probable that 
they were using tools. The pelvis proves they were upright, 
hands free, -while the small canines suggest that fighting 
longer done with the teeth.* 

The brain of the australopithecines was small by human stan 
ards, the cranial capacities of the best preserved skulls giving ^ 
range of only about 450 10 600 cc. That these small estimates o 
capacity are correct is supported by the fact that the foramen fo^ 
the internal carotid artery is no larger than that of apes These 

1. Ttxjls undoubtedly made by man have just been found in the 
depont (J T Itobinson, penonal communication) It is as yet uncertain what 
of man made these tools Oakley (1957) believes that the tools were made by 
tralopitheanes 
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I Measurcmcnij were taken by T Clark Howell and the wnior author on unworn teeth from apedroens at the Amertcan Museum of Nat 
ural History U S Nat onal Museum Chiogo Natural History Museum Harvard Museum of Comparattve Zoology and Johns Hopkins Uni 
vcTsity (Laboratory of Physical Anthropology) 
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capacities are within the range of variation of I'""® 
mran for the australopithecines may be approximately half 
Pekin man. If these forms were tool users, it ^ ’ 3. 

requires far less brain and intelligence than tool making a 
ing to defined traditions. Examination of the fossil . 

toLsing behavior of living apes, and the behavior of rma^ 
cephalic human beings all suggest that tool 
less brain than does speech and might have surted as soon as the 
hands were freed from locomotor functions. Oral traditions 
sential for complicated human society probably svere "Ot po»iD‘= 
with less than 700 or 800 cc. of brain, and there is no likelihooo 
that elaborate traditions oi tool making are possible at lesser capa - 
ities, although simple pebble tools might well be. Therefore i 
seems probable that the origin of tool making, speech, ^nd com- 
plicated cultural traditions lies toward the end of the early e 
tocene and that these aspects of human behavior are correlate 
with the change from some animal such as Australopithecus to t e 
primitive men of the early middle Pleistocene. 

Although it is relatively certain that the australopithecines were 
small-brained bipeds, the questions of diet, possible hunting habits, 
and use of tools are much more difficult and debatable- Man xs 
clearly distinguished from all living monkeys and apes by being 
much more carnivorous, hunting and killing large animals. These 
habits are certainly characteristic of all the genus Homo, are 
present by the time of Pekin man, and are dependent on the use 
of tools. Human fingernails and teeth will not tear the thick hide 
of large antelopes or deer, and man had to have tools before he 
could utilize such animals for food. From the evolutionary point 
of view it is most unfortunate that the form of the teeth gives so 


little information about diet unless the specialization is extreme. 
Although the dentition of the chimpanzee and gorilla are similar, 
their dietary requirements are very difierent. If the dentition, 
stomach, and viscera are moderately generalized, as in man, 
chimpanzee, and many monkeys, a considerable variety of diets 
seems to be possible, and the degree to ivhich the basic vegetanan 
diet is supplemented cannot be inferred from anatomical evidence. 
The extent to which early man was carnivorous must therefore be 
inferred from the presence of tools and from the broken bones in 
his living sites. 

The possibility that the australopithecines might have been 


evolution OF tIVMAt/ BEBArtan 

humen decrees exammauon Ground I.vmg monkeyj, whether 
macaques baboons, or venets all eat insects, and most tf not all 
apes and monleys eat eggs and nestling birds Baboons spend a 
lot of time digging for both vegetable and msect food The use of 
tools of even the simplest sort smiild greatly increase the quantity 
and variety of food available Once the hands were free so that an 
especially useful stick or stone might be carried from place to 
place and used repeatedly for digging crushing and tearing things 
Open, the tvay tvould be open for adding to the diet However, it 
should be remembered that hunters in the tropics actually subsist 
chiefly on vegetable food and that the first tools were probably 
used to extend the quantity and lanety o! this rather than to ob* 
tain meat Our belief is that the australopithecines probably tvere 
mainly vegetarian but had begun to supplement their diet with 
more animal food than is charactcnstic hr the apes. However, the 
human camnorous habit apparently depends on tools to such an 
extent that Uiese forms cannot have been hunters to the same 


extent as Pekin man Much of this is pure speculation hoivever, 
and definite proof of the food habits and diet of the austra 
lopithecmes must await further discoveries and excasation 
Hunting as an important activity (m contrast to the eating of 
eggs, nestlings, and insects) had three important effects on human 
behavior and human nature psychological social, and temtonal 
Man takes pleasure m hunting other animals Unless careful 
training has hidden the natural drives men enjoy the chase and 
the kill In most cultures torture and suffering are made public 
spectacles for the enjoyment of all The vicums may be either 
animal or human This behavior is strikingly similar to that of 
many carnivores and no parallel behavior Jias been observed 
among wild primates m fact, our whole conception of wild and 
tame is a reflection of the human hunting attnude, with the feel 
ing that It IS normal for animals to fight and flee If one watches 
baboons m one of the great African game reserves one sees that 
they move unconcernedly among a great variety of animals, and it 
IS only when larger carnivora appear that the animals react as 


they do to man , j r 

Hunting not only necessitated neiv activities and new kinds of 
cooperation but changed the role of the adult male in the gro^ 
Among the vegetanan primates adult males do not sham 
They take the best places for feeding and may even take food 
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from less dominant animaU. Hosvever, since fearing the kill is 
normal behavior lor many carnivora, ‘ 

the adult males and the practice o£ sharing lood ‘ ^ P 

probably result Irom becoming carnivorous. ^ 

«hich caused man to be feared by other animals ’'-i to ^ ^ 
operation, lood sharing, and economic interdependence svitniu 


T^e living apa and monkeys inhabit small territoria (Car 
penter, in this volume). No migratory forms are known. 
are very localized. Even baboons seem to move no more than 
or three miles from their sleeping place, and one soon ® 

locate a group of gibbons or forest-dwelling monkeys in the sa 
bit of forest, often in particular trees. The acquisition of hunung 
habits must have been accompanied by a great enlargement o 
territory, since the source of food was now more erratic an 
mobile. For example, a pack of African tvild dogs today ranges 
over a vastly wider area than do baboons. Whether early mm 
scavenged from the kills of the big carnivores, followed hercb 
looking for a chance to kill, drove game, or followed a wounde 
animal, his range of operations must have been greatly increase 


over that of arboreal apes. 

The world view of the early human carnivore must have been 
very different from that of hb vegetarian cousins. The interests o 
the latter could be satbfied in a small area, and other anima s 
were of little moment, except for the few which threatened at- 
tack. But the desire for meat leads animals to know a wider range 
and to Icam the habits of many animals. Human territorial habits 
and psychology are fundamentally different from those of apes 
and monkeys. For at least 300,000 years (perhaps tivice that) 
carnivorous curiosity and aggression have been added to the 
inqubitivcness and dominance striving of the ape. This carniv- 
orous psychology was fully formed by the middle Plebtocene and 
it may have had its beginnings in the depredations of the austra- 
lopithecines. 

Thb view of human evolution attributes to tool using a doini* 
nant role in both cultural and later biological evolution. If 
views the first stage in human evolution (possibly represented by 
such forms as Australopithecus) as the development of bipedal In* 
comotion followed by invasion of savannahs and plains by an ape, 
all subsequent human change b increasingly dominated by tbe 
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us= of tools Increase in brain size resulted from the new seleclitin 
pressures stemming from tool use Speech, made possible by the 
larger brain, svas correlated with a complicated technological tradi 
tion, and the larger and more complicated society was made pos 
sible by the larger food supply Human hunting depended on loob 
and hunting brought about greater mobility, the use of clothing 
the conquest of the Arctic by a tropical animal, and so the peopling 
of the New World Inaease in brain size ivas associated with a 
slowing of the growth rate and a much greater period of depend 
cncy This changed the social life, establishing long term social re- 
lations Thus the hunting life changed man's psychology and the 
^vay o£ life of the human group 

In stressing the tremendous importance of tools in the latest 
phases of man's evolution and in comidenng the later phases of 
biological evolution as understandable only in tenns of concomi 
lant cultural progress, one must not forget that the animal winch 
became a biped was preadapted for developing the human way of 
life The arms which were freed from locomotor functions were 
the long, highly mobile arms of an ape The brain was large and 
inquisitive, adapted to control the hands m debate and comph 
cated movements Stereoscopic color vision gave a neb picture of 
the world, and perhaps an omnivorous diet gave an interest in 
everything The animal could make many sounds and some of these 
had meaning Facial expression conveyed a wealth of additional 
meaning It is no accident that of the many animals which have 
become bipedal only man has become a tool maker Man’s ^vay a 
built on the ape s way, and just as there arc many things svhich are 
nesv and uniquely human, so arc there many more which are ape» 
like and monkey like As one looks back over the complex and 
multiple adaptive radiations of the primates one an see the sue 
cession of ways of life svhich made possible lemurs monkeys apa 
and, finally, a biped After thu adaptation ame the use of tools 
the hunting habit, increase m mielJigence and finally, the animal 
we know as man 
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Cultural Process and Evolution 


Julian S Huxley 

tONDOM ZNCIAND 


You have invited me a biologist, to give my views about the ccn 
tral subject matter of cultural anthropology, and indeed of human 
history If you ask a representative of one branch of science to ex 
press his vieivs on the main subject matter of another, you cannot 
expect more than the fruits of his immediate reactions to a new 
landscape of fact and idea This is all I can offer— a senes of obiter 
dicta, doubtless colored by my biological knowledge and ideas 
However, they will at least show how your subject looks to an out 
sider, the attitude will help to arouse opposition and sumulate 
discussion and may perhaps serve as a broad background against 
which individual contributions may appear in a better peispcctiye. 

As I see it culture m the anthropological sense is neither an 
entity nor a principle it can only be treated as a type of process. It 
1$ not just the sum or even the organization of all 'artefacts, soa 
facts, and mmtiUcts ’ but constitutes a self reproducing and self 
varying process ivbereby the pattern of human activities is tram 
nutted and transformed in the course of time 

As organisms are ivhat evohe in the biological phase of evolu 
tion, so cultures arc what evolve in its psychosocial or human 
phase To put the matter baldly, bwtogrcal spacies mih their 
bodies and their physiological functions confront the environment 
with organized systems of self reproducing matter and its products 
the human species does so with organized systems of self rcproduc 
jng mind and its products, supenmposed on the constituent bi 
ological organisms 

In general, cultures are not so highly organized nor so specifically 
adapted as organisms Indeed, in tiK present state of our Inowl 
edge, a culture is best envisaged merely as a system of human ac 
4sr 
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tivities and products rrhich happens to survive and be 
and so to possess continuity in time. Cultures will a ^ 

always be in some degree “adapted” in the j '’""f 

suitably related to their immediate environment. Ho • ^ 

the rate oE cultural change can sometimes be rapid, a 
cultural group can unconsciously or deliberately alter i 
ment, the concept oE adaptation as applied to ™ 

a suitable Telation to change, both to changes in themse 
to changes in their environment. ^ ^janta- 

It should be noted that this dual concept of adaptation P 
tion to long-term survival as well as to immediate success-- 
cently been found necessary in biology also.' Thus 
of genetic system permit accurate, immediate adaptation; bu j 
do so at the expense of reserve variability, so that environmen 
changes (as of climate) may cause their extinction. For continui g 
success, a compromise has to be reached between the imme la 
advantages, conferred by inbreeding, of accurate adaptation to 
present environment, and the long-term advantages, confcrr 7 
outcrossing, of extra variability (and therefore less accurate - 
adaptation) as a reserve against possible future environmen 
change. On a still more extended time scale, extreme 
tion will also reduce potential variation; so that specialized 
ucts of one biological type are likely to be extinguished in coto 
petition with the products of a biologically higher type (as aP" 
pened with most groups of reptiles in favor of mammals in the a 
Mesozoic). 

Cultures, too, though not so highly organized or so fully mte 
grated as higher organisms (as is obvious when one looks at, say» 
American or British culture today), do of course show some degree 
of organization or pattern. Cultural organization too necessari y 
stands in some relation with social organization.* Hol^^ever,^ tn 
relation need not be cither close or exact. Thus in classical tirn» 
the Greeks shared a common culture but were socially organize 
in the form of separate and often competing or conflicting city- 
states. A similar situation exbts in modem Europe, with the ex- 
istence of competing or conflicting nation states within a smgi® 


1 See e.^ C D Duhngton, The Exfolution of Genetic Systems, Cambndge, 
land. IM7- 

1 I am using toaal organuauon m the broad tense, to include political organ 
tion 
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cultural frameuorJ. In other cases as wtth ancient Egypt, the 
boundaries of the culture and the social oi^niration are essen 
tially coterminous, esen then, however, cultural and social oreani 
zation cannot be equated ^ 

Cultures. IiLe organic types also show differentiation or du cm 
iication, usually on a geographical basis Thus, to take an obvious 
case, European culture (or aviliration— for from the broad anthro- 
pological point of view one can only define civilization as culture 
at a certain high level of technological and social organization) is 
differentiated mto mam subcultures such as Latin, Geimamc 
(Isordic), and Slavic, and these again into subsectors, such as 
French, Italian, Portuguese, and Spanish within the Latin sub- 
culture Here again the cultural and social boundaries need not 
coincide the obvious example is that of Switzerland, in which 
Latin (French) and Germanic (German) subcultures (as well as 
others) coexist 

To return to our central topic, I would suggest that the adaptive 
ness of cultures is best considered as a problem m relatedness, and 
that the essential relation is the relation between the form and 


pattern of the culture and what I may perhaps provocatively, call 
the group's current vision of destiny Under this head I would m 
elude the current knowledge, ideas, assumptions, and beliefs often 
unconscious or only partially consaous, concerning human nature 
as embodied in (he particular gnmp, the nature of the environ 
ment, and the relations between the two It is often but I believe 
falsely, stated that cultures are delermwed by their environment 
-—climate, geography, fauna and flora and resources It is of course 
true tliat they are related to the environment, but the relation is 
not a simple one It is conditioned by the knowledge which men 
have about the environment, by the skills which they have de- 
\eIoped for coping with it, and by their ideas and aiuiudes con 


ceming it and themselves 

This applies even to the exploitative aspects of culture, the hu 
man activities concerned with getung a living from the environ 
ment In Arabia the same environment which conditioned the de- 
velopment of a nomad culture m the pretechnological Semitic 
population is now beginning to support a culture b^ed on the 
^plDUanon o£ oil resources, which in previous ^riodr were un 
suspected and even if they had b«u hnown could not have been 
uliLd for want of technical skill Siuiilarly. the lechuical skills 
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dange rsisling propenies of mckm Egypoan civ.luaticm, and tl,c 
ideological opposition of the Chutch of Rome to jaentifcadrance 
m many fields, are examples 

From the evolutionary point of view, the most imporant char 
actenstics of a culture concern cultural stability (self reproduction) 
and cultural change (self transformation) Some degree of stability 
IS of couiae necessary, and some degree of change is probably in 
evitable But. broadly speaking cultures can be classiBcd into two 
mam types those whjch promote stab]]ity and restst change, and 
those which encourage or at least permit change And this differ 
ence is associated with different views or assumptions about destiny 
Thus roost priJTWUve cultures are adapted simply to securing (heir 
own continuance m conditions which are assumed to remain con 


In general savage societies accept the commuance of their cn 
vironment and of their methods of maling a living from it, and 
the rituals (ntei de passage, hunting or agncuUural magic, etc) 
and the ethicosocial systems (taboos, kinship and mamagc $ys 
terns, etc ) are designed to gue cohesion and continuity to the cu! 
tural group High civiluations may continue to be stability 
centered — eg ancient Egypt, or historical China with its ancestor 
worship and reliance on tradition At the other extreme we base 
that modem phenomenon cultures focused on the idea of traits 
forming themselves and the environment, and rel)ing on science 
and the scientific method, which itself is consciously based on the 
idea of increasing the amount and improving the organuation of 
knowledge 

There are of course a number of intermediate cases Sometimes 
the idea of change becomes operative in one department of life, 
for instance m nations which become obsessed uith the idea of in 


creasing their size or their posver by iniliiary conquest though they 
may be stabjltty-centered" in other ivays eg” m tharreltg/on or 
ideology ancient Assyria provides a crude example and the das 
steal Roman Empire a more elaborate one In the polrti^rchgious 
sphere, Islamic expansion resulted in a conscious and «pIosi%e 
transformaiion. but since then socially and intellectually IsIot has 
been stability promoting and tradition ridden resistant lo toge. 
Or the idea of intellectual and artistic discmcry may bOTme 
powerful, as in classical Greece In this case, freedom and change 
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were consciously sought in the ideological sphere but (owing to 
various peculiarities oE Greek culture) not emphasized in teen- 
nology and the application of scientific knowledge. 

In other cases, notably in the French and Russian Revolutions, 
what may be called the millenary notion of change has been opera- 
tive: the idea that a violent revolutionary change could and wou 
initiate a new, better, and definitive stable system. This has always 
proved deceptive, for the simple reason that the process of change, 
whether in the biological or the psychosocial sphere, does not 
operate in this svay. Though revolutionary periods may occur m 
which change is particularly rapid and old systems are large y 
destroyed, evolutionary change is ahrays a dialectic process, m 
which stability, even if reached, is reached slowly and gradua^ y. 
Furthermore, man’s cultural evolution is so near its beginning 
that it is now quite impossible to envisage the possibilities before 
it, and especially to envisage any definitive stable state. 

There is also the frequent phenomenon of what has been pw* 
turesquely (though not very correctly) called cultural fossilization. 
This often occurs when culturally important ideas or altitudes 
become embodied in an organized institutionalized system: ije 
cultural inertia of such a system, together with the powerru 
vested interests which it creates, will usually promote resistance 
to social and cultural change. Obvious examples arc the institution 
of absolute monarchy based on the concept of Divine Right, and 
that of the Roman Catholic Church based on the authoritarian 
assumptions of revelation and dogmatic certitude; but the phe- 
nomenon has been widespread in all periods and places. 
fundamental cleavage is between the assumption of continuing 
stability, leading to backward-looking cultures based on tradition, 
and that of possible change, especially change for the better, in- 
cluding quantitative change in knowledge and qualitative change 
in ideas, leading to factual discovery and ideological revaluation 
and so to technological and social transformation. 

\Vhen we envisage the matter of cultural adaptedness in the 
broadest possible way, we see that the basic problem is that of 
adapting cultural systems to the facts of the evolutionary process 
in all its sectors, including the progressive realization of new and 
desirable possibilities. Regarded in this light, the development of 
change-promoting cultural systems is seen as itself an increasingly 
adaptive and progressive evolutionary trend. Various stei» in 
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Th"' '« first the discontinuous 
001000"^ * “'‘*»”8<r-protnotmg elements in various 

cultures the most notable being the already mentioned rise of the 
spirit of free inquiry in classical Greece. 

Continuity of the trend has only htcome apparent since the 
transition between the Middle Ages and the Renaissance in the 
15th century. It began with the idea of geographical discovery, 
which was soon complemented by that of historical discovery, or 
if you prefer, the rediscovery of ancient knmvledge. Then came 
the idea of scientific discovery, in the 16th century largely confined 
to mathematics and astronomy, but soon extended to other 
branches of “natural knowledge.” In the 17th century, thanks in 
the first instance to Bacon, the idea of scientific discovery ivas gem 
eralized in the concept of scientific method. This svas a truly 
revolutionary event, leading to die supersession, in field after field 
of study, of backward-looking tradition by the idea of forward* 
looking attitudes and research. The former inevitably and some- 
times consciously resisted change; the latter inevitably facilitated 
and sometimes deliberately encouraged iu 
Rapid cultural change, especially if also progressive, usually 
stems from the discoveries or achievements of exceptional indi- 
viduals, but svill not operate effectively except in a group re- 
ceptive to the notion of change and technicaliy and professionally 
equipped to appJy the new discoveries and ideas. As Kroeber has 
shown, the effective manifestation of the gifts of exceptional indi- 
viduals is elicited by the cultural environment. The effective ap- 
plication of their achievements is then made possible through the 
activities of less exceptional individuals in the cultural group. For 
rapid progress, both an adequate supply of exceptional individuals 
and also an appropriate culture and an adequately educated com- 
munity are necessary. It sUould be stressed, however, that the role 
of the individual in evolution has increased in importance, not 
only in the passage from biological to cultural evolution but also 
in that from stability-promoting to change-promoting cultures. 

The promotion of change need not imply the abandonment of 
the ideal of stability, but it does imply the replacement of a static 
concept of stability svith a dj-namic one; the ideas of stability and 
change tend to become combined in the ideal ot imegrated^t 
-the moving equilibrium of an ordered “ 

the eventual step; in earlier stages the ideal of a stably intcgrat 
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but directional process uas lacking, and change, at least change in 
certain aspects of a culture, might be regarded as desirable per se, 
and little attention paid to its direction or to its effects on other 

aspects . 

Before this eventual step could be taken, the fact of e\olu 
had to be discovered With this the change promoting method ot 
science revealed the fact that nature itself \V2S not, as had been 
previously assumed, a static mechanism but a dynamic process 
a process of orderly or at least comprehensible self transformauon 
In the heady intoxication generated by this discovery, together 
with the spectacular results of the practical application of scienti c 
knowledge, a misconceued and ovcrsimphried idea of the change 
promoting process arose the myth of universal and inevitab e 
progress was bom 

It remained to clarify and extend the concept of evolution 
and to apply scientific method to the study of man, including 
his values and his history This has brought us to a fresh cntica 
point We now are beginning to see the whole of reality as a 
unitary process of evolution (though comprising three distinct 
sectors or phases), and man as the agency by means of which that 
process is becoming self<on$ctous and could become consciously 
purposeful Evolutionary progress, both in the biological and the 
human sector, is now seen as a fact but as occumng only rarely 
and by no means inevitably from being a myth, it is becoming a 
subject for scientific study From a slightly different angle, v'C 
may say that cultural evolution, i c evolution in the psychosociaf 
phase can now be seen as an extension of biological cvolutionf 
but with Its own peculianties of method and results, and progress 
and advance can be profitably redefined as processes leadmg to 
greater realization of desirable possibilities 

As our analysis of the evolutionary process in general, and of 
evolutionary progress in particular, becomes more accurate, as 
our knowledge of them becomes fuller, and as our application of 
that knowledge grows more efficient, a new and decisive increase 
in the adaptedness of culture will have been taken Human culture 
will be not merely purposefully but also adaptively change 
promoting the type of change which it sets itself to achieve wiU 
become increasingly adjusted to the realities of the actual process 
including both its limitations and its possibilities Man s vision of 
his destiny will become more closely adjusted to the facts of 
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destiny; and the direction in vfhich he consciously steers will 
become increasingly ‘'right”— in other words, will have more 
long-range adaptedness. This statement is not, as some may think, 
uncritically optimistic. J beliwe it to he a reasonable extrapofa- 
tion from past human history. In any case, it is optimistic only in 
the long run; any sucJi process trill take a long time, and will be 
subject to many temporary and local setbacks. But pessimism is 
the result of incomplete knowledge or of too short a s’icw: any 
general or long-run pessimism is contradicted by the facts of 
evolutionary progress in the past- 
So far, I have only been considering what may be called direc- 
tional adaptedness; die better adaptation of cultures to the process 
of cultural change, so as to permit that change to be as progressive 
as possible. It now remains to consider diversificational adapted- 
ness: the adaptation of different cultures or subcultures to local 
conditions, including of course their history, traditions, achteve- 
menls, and existing organization, as well as the conditions of their 
physical and biological environment, resulting in greater variety 
in cultural evolution. 

With the increase of communications, population pressure, 
economic interdependence, and interpenetration and culture con- 
tacts of all sorts, the maintenance of satisfactory cultural diversit)* 


is becoming increasingly urgent as a practical problem: with the 
obvious and inevitable trend toward svorld unity in all spheres, 
it will speedily pose itself as a basic theoretical problem. Just 
as the basic theoretical problem in the sphere of directional 
adaptedness is the reconciliation of stability with change, and 
their synthesis in a moving but integrated etjuilibrium, so in that 
of diversificational adaptedness the basic theoretical problem is 
the reconciliation of uniformity trith diversity, and their synthesis 
in a system of variety-in-unity. This appears to me as one of the 
most important fields for cultural anthropologlsu and sodal sd- 
entists to explore at the present rime. Here I can merely give a 
few examples to illustrate its nature and its importance. 

In sencral, -nhen cultura differing in lox! of ,c.cn«f,c ,nd 
technologicnl advance come into contact, the ^ ow a tan are 
more affected. But the reniil diffen widely m different catet. 
Somelitnes the lets advanced culture simplr ditappean. aJ har 
happened with that of the Australian aborigines over imch of 
Australia, and seems destined to happen to roan) tr.bal cultures 
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in Atnca Sometimes it persists m modified and partial form as 
a subordinate factor in an imading culture, as ssith the prc 
Columbian elements in much of Latin America, or elements 
It persist subterraneously in the basement, so to speak, of the ntn 
culture, as -with mtchcraft and magic in medieval Europe or m 
voodoo and similar practices in the West Indies today, or it ma) 
persist, though ssith considerable transformation, as an osert bu 
minor factor in the new culture, as ssith the Maoris in Nesv 
Zealand Or it may be eroded or esen degraded by the infiltrmion 
o£ cheap, mass produced goods, as m too many Asian areas ^ 
or by that of new but imperfectly assimilated ideas, as too o ten 
when missionaries impose Christianity on primitive peoples n 
this last case, new and alarming ideological systems may arise, as 
with various of the nominally Christian sects in black Afnca. 

It IS an empirical fact that pnmitne cultures react in ^ery 
ferent ivays to contact with more advanced cultures Some arc ex 
ceedmgly fragile and go to pieces under the impact, others are 
tough and are capable of assimilating suitable new elements sshilc 
preserving their basic identity and continuity and their essentia 
values Here is an important field for urgent study 

Sometimes the preser\’ation of less adv-anced cultures has de 
pended on histoncal and geographical acadent. Thus the bar 
banc but highly organued cultural systems of the kingdoms 0 
West Africa were saved from destruction at the hands of Moslem 
(Fulani) invaders from the north by the tsetse Bies of the forest 
zone, which killed the horses on which Fulani military success 
depended In general terms, the problem that now faces the vsorld 
in this sphere is how to ensure that the contact between more 
dev eloped and less developed cultures (especially as regards tech 
nological and mdustnal techniques but also in regard to political, 
social, and religious ideas) should have the maximum of desirable 
effects and especially the rainimum of undesirable ones Or the 
problem can be formulated in a more restricted way how de 
suable elements of advanced saentific and technological culture 
may penetrate into ‘ underdeveloped areas without destroying 
vshat is good and desirable in the recipient cultures The usual 
tendency is for cheap mass-produced goods from outside (and, 
after industrialization, from inside) to cause the decay of crafts- 
manship and the creative arts, for population increase consequent 
on improved death control to disrupt the social and economic 
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sysicm, for indusmalization to aeate a depressed urban prole 
tariat cut oil from local cultural tradition and for the ovetready 
adoption of ideas and idea systems from advanced cultures (eg 
democracy, Christianity. Communism, selMetermination etc), 
leading to meaningless slogans umvorkable political 
rionalut touchiness, and so on Ideas and idea 
be imported and maintained intact, and in point of fact usually 
be»Te mot or less seriously distorted and degraded m an idj^^^n 
td unprepared cultural environment, resulting in an undesirab 

''tvtnt“^(e.bnic)differences«^^^^ 
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doctrinal and nonecclesiastical religion ranging up to great spir- 
itual heights from the depths of essentially magic and sometime 
barbaric rituals, rigid taboos and a kaleidoscopic polytheism, an 
including veneration both for cattle and for holy poverty an 
meditation; a newborn nationalism of a very particular kind; an 
various legacies of Gandhi’s influence, such as a belief in non 
violence and satyagraha, in the superiority of hand over machine 
production, in the desirability of prohibition and the undesirahi ■ 
ity of birth control. It has to be carried out in an environment 
whose agricultural resources have been impoverished by erosion, 
deforestation, and bad methods of cultivation, and with a pop^^^ 
tion which is largely undernourished, already excessive, and sti 
rapidly increasing. The picture is further complicated by the 
existence of strong and often mutually hostile religious minorities, 
by considerable ethnic differences, and by great linguistic diversity. 

Among the resultant practical problems 1 may mention the fol- 
lowing: How to increase the well-being, the competence, and the 
productivity of the villager while maintaining his satisfactions and 
without undermining the stability of the village system. How^ to 
introduce scientific ideas and methods without either destroying 
the entire framework of traditional beliefs and practices or intro- 
ducing a grave cleavage of thought between different sections of 
the population. Convenely, how to do away with the bad effects 
of what are essentially superstitions such as belief in the sanctity 
of cattle, or in the merit of suttee, without damaging the general 
spiritual framework of Indian life, or provoking violent reactions. 

In the most general terms, the problem is how to induce the com- 
mon man and woman to want and to work for desirable change ^ 
in a desirable way. I am sure that this can be accomplished; but 
it will not always be easy. On one hand, there is a massive inertia 
and resistance to change; on the other there is a dawning a\var^* 
ness, even among remote illiterate villagers, that science is some- 
how making possible a freer life and a greater well-being. But this 
awareness is still mainly on the mythical level: the limitations in 
the way of quick scientific application, the need for slow, rational 
advance in place of magical or millenary wish fulfillment, are not 
yet apparent. Here as elsewhere the proper organization of public 
awareness is a prerequisite for desirable change, and right educa- 
tion is an essential key to progress. Truly desirable change can 
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never be wholly imposed from outside, u must be esscmiallv a 
sell generating process ^ 

Then tliere is the problem of how to reconcile the potent new 
Idea of democratic equality with the facts of biologicaj and social 
inequality and the inevitable limitations of opportunity Here 
the distortion of the idea of democracy has introduced new dif 
ficulties For instance it is perfectly obuous that there arc now 
many too many college and university students in India Many 
are destined to fail there are not nearly enough positions for the 
remainder, and meamvhile professors and lecturers are grossly 
overworked and the standards of teaching and research arc being 
depressed But any suggestion that colleges and universities should 
restrict their intake of students is met by the statement that this 
IS impossible because it would not be '‘democratic.’ 

Finally there are the problems of national unity and of interna 
tional integration In both these fields an exaggerated nationalism 
and an understandable but unfortunaie reaction against anything 
British are creating difticukies English is the only language that 
has ever been shared by all the dilTerent regions of India and u 
IS the language which is far and aivay the most able to help India 
to advance in all mtemacional fields, notably m science and learn 
ing Yet because of the prevalent nationalist spirit it has been 
decreed that Hindi, though normally spoken only by a mmonty 
of the population shall become India s ofllcial language, and 
though It lacks many scientific terms and though its adoption i\ill 
make interchange of saentific and other ideas more difTicuU it 
has been decreed that it shall become the medium of instruction 
even at the highest educational level Recently there has even 
been a recommendation that an Indian national calendar should 
supenede the Gregonan calendar, which ivxiuld introduce still 
further difficulties These last examples show how important it is. 
from the standpoint of cultural adaptedness, to dmingmsh between 
the sectors where uniformity is desirable and those ivhere lariety 

IS desirable . , , 

My other example is Bah This differs from nd.a m many wps 
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population engages in and finds satisfaction from creative activity 
of some sort or another — music, dance, drama, celebratiom o 
various sorts, decoration, carving, painting: even the normal heavy 
tasks o£ agricultural labor are clothed with cultural satisfactions, m 
the shape of communal rituals of various kinds. 

The resultant "cultural democracy” is obviously something 
vital and very desirable. Meanwhile, however, Bali is already being 
exposed to a flood of cheap and often esthetically nasty mass 
produced goods; health leaves much to be desired; and in many 
fields educational standards are low. The Indonesian Government 
is taking measures to improve health and is introducing education 
of essentially Western type (with Western uniforms for the c i 
dren); and it has permitted the entry of Christian missionariw 
(there is even a Roman Catholic bishop in Bali). Bali is not at t e 
moment overpopulated. But as health measures succeed the dea 
rate will drop; and unless birth control is not merely permilic 
but encouraged, population will soon outrun food supply. 
population pressure will result in increased pressure toward tech* 
nical efficiency and industrialization. 

In Bali the major conflict is a straighifonvard one between wo 
desirable ends — the maintenance of a creative cultural democracy 
on the one hand, and on the other better health and greater in- 
tellectual and scientific enlightenment. Desirable ends may have 
certain undesirable consequences — e.g. overpopulation as the re- 
sult of improved health; and the situation is further complicated 
by the intrusion of alien elements under the cloak of freedom — 
mass-produced industrial products under that of freedom of trade, 
missionaries under that of freedom of belief. If the Balinese come 
to feel that their creative activities are in any sense inferior or stand 
in the way of the better health and education that they rightly 
desire, the resultant change will be a retrograde step in cultural 
evolution. Here again it is apparent that compromise is necessary, 
but the precise nature of the most desirable type of compromise 
must be determined in relation to local circumstances. Unfor- 
tunately speed is also necessary; changes of various sorts are already 
rapid, and if not corrected may quite unbalance the entire culture. 


In such a situation, it is eminently desirable to consult real experl^ 
— those who have studied and thought deeply about similar prob- 
lems elsewhere. They will undoubtedly make mistakes, but their 
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mmakes will ctitamlj: not be as serious as those made by local 
politicians in a hurry. ' 

It would be possible to prolong this disquUition to almost any 
length. There are obviously many interesting points which I have 
not discussed. There is the long-term nonadaptedness of certain 
cultural trends— some (like unchecked militarist expansion or ad- 
diction to the idea of world dominance) being manifestly in the 
long run self-defeating; others, like a belief in one's own intrinsic 
racial superiority, manifestly untrue; still others, like overexploita- 
tion of resources, self-limiting. There is the notion of ideas as 
transmissible, sc! 5 -rcproducibIe cultural templates; the question 
whether such ideas are most effective in the recipient when fully 
conscious or when largely subconscious, when fully rational or 
with the pill of rationality covered svtth an emotional or esthetic 
coating; and how and under what conditions they may be distorted 
in the process of translation into action by the recipients. There 
is the problem svhether certain primitive cultures, such as that of 
the Congo pygmies, admirably adapted to their original conditions 
but obviously destined to disappear if brought into free and full 
contact with modern civilization, should be preserved intact as 
living cultural specimens for their own good and for the interest 
of the rest of mankind; and there is of course the greatest purely 
cultural problem of our time, of how to cope with the politico- 
ideological conflict between organized Communism and the West- 
ern world — ^whether by war, hot or cold, by competitive coexist- 
ence, or by some attempt at cooperative synthesis. But the limits 
of my competence and of my and your energy and time make such 
discussion impossible here. 

I will close by summing up my main argument from a rather dif- 
ferent angle. In the past half century there has been much talk, 
chiefly originating from cultural anthropologists, of the reladvity 
of morals, which has often been construed to mean tdat no type of 
morality is or can be better than another: much talk too, chicBj 
originating from psychoanalyst, and psychiatrists, but reinforced 
from the camp of dogmatic religion and obscurantist philosophy, 
of the nonrational bases of human behavior, whi^ 
construed to mean the supremacy of the irrational, the tanjemp 17 
of reason, and the inadequacy of science, and has ' J" 

widespread revolt against reason and a glonlication of unreason. 
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Even among professional biologists, who ought to know be“er, t^ 
thesis has been proclaimed that no organism can properly be callea 
higher or lower than another, because all, by the fact of their ex 
istence and survival, are "equally adapted " And historians have 
asserted that there is not. or even cannot be, any such thing as 
progress in human affairs 

These unfortunate assertions turn out to be quite erroneous 
when considered sub specie evoluttonis Adaptation is not merely 
the capacity to survive, nor is it merely to the immediate present 
It also covers adaptation to change, and when change is so rapi 
and drastic as it can be in the psychosocial sector, adaptation to 
change and to the direction of change may become of overriding 
importance 

As regards higher and lower in the biological sector, for one 
thing It IS obvious to inspection that some organic types have a 
higher (more complex, more efficient, and more integrated) organ 
ization than others, and for another, paleontology and comparative 
anatomy have demonstrated that the proof of the pudding has been 
in the eating — the acquisition of higher organization in this sense 
has in fact conferred evolutionary success, the more highly organ 
ized types having become more abundant and dominant at the ex 
pense of less highly organued types Similarly progress, when ade 
quately defined, is seen as a fact of evolution, both in the biological 
and the human sector And finally, when for relativity we substi 
tute adaptation, in the proper sense of appropriate relatedness on 
all levels, we at once realize that one moral system can be ‘better 
than another And a morality which is adapted to a tribal com 
munity emerging from ignorance in a sparsely populated world 
will not be adaptive in a large industrialized community based on 
vastly increased knowledge in a densely populated world 

Since in the long run the decisive element in a culture appears 
to be the predominant vision of destiny,’ better cultural adapta 
tion connotes a more adequate relation between the formulation 
of that vision and the facts of the situation, including both the 
static and directional elements m it, both the short term events 
and the long term trends, both the actualities and the possibilities 
of the external environment and of human nature This being so, 
cultural adaptation like biological adaptation, will always involve 
a compromise between many conflicting or competing advantages 
Again like long term biological adaptation, it will tend in the long 
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run to produce organized pattern systems of greater integration 
and better equilibration Further, wc must never Eoigct the many 
fundamental differences between organisms and cultures between 
evolution on the biological and on the psycliosocial level Besides 
the totally new methods of transmission available in die psyclio 
social sector, including culture contact and idea diffusion, and the 
totally new types of result involving convergence toward unity 
instead of only divergence toward variety, there is the fact that the 
average, and especially the maximum, speed of cultural <=''olution 
Ivv a marked acceleration during their course, as 
general uniformity in biological evolution, and ” 

Lltural evolution has proceeded at speeds many 
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might have been for the social Darwinian of an earlier period, 
veneration huddling under the hovering H-bomb and which has 
philologically evolved a new word, genocide, does not need demon- 
stration that the techniques for the elimination of mankind exis^ 
or that its psychological credibility demands our acknow g 
ment and study. We are emboldened to emulate Cassandra with 
our untestable hypothesis because it provides a useful device or 
discussion — and you will remember that no one believed her fata 

prophecies. • i • i 

Greater emphasis is now placed on cultural than on biologica 
variation in man. That is (pending further understanding and de- 
velopment of experimentation with atomic radiation), alterations 
due to learning seem to be producing more change than are 
genetic alterations. It is probably true of man that his biologica 
survival and social evolution can be understood only within the 
context of his relationships with other humans. His greatest prom- 
ise and his most fearful potentialities spring from the nature ot 
these human dependencies. But the evolutionary endotvment ot 
species as well as the accidents of life’s experience are summated 
in the psyche of the individual. 

Modem evolutionary theory, psychology, and psychiatry are 
each concerned with the techniques by which the organism and 
the species adapt and survive. Adaptation and survival are the 
themes which relate man's psychology and hb evolution. In psychic 


processes also biology interacts with environment. Following evo- 
lutionary theory, biological organisms have no longer been viewed 
as isolated fragments of biochemical processes within a set struc- 
ture but rather as elements in an evolving process connecting all 
life. Psychological theory too is now committed to the funda- 
mental significance of the development of the personality. 

Darwin contributed as profoundly to our understanding of 
evolution of psychological as of biological man. He conceived of 
man as an animal endowed with superior intelligence and social 
instincts. He saw in him a self-aware, concept-forming, rational* 
verbal creature, for whom family ties were coupled with capacity 
for love and sympathy for his peers and sensitivity to their ap- 
proval or disapproval. Man’s retention of awareness of past ex- 
periences and his anticipation of future events provided him 
with the elements for his self-regulating system. If we substitute 
for Darwin s emphasis on the social instincts the development of 
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learned social techniques and if iite complement his igtliccmurj 
preoccupation mth rational man with our knowledge of un 
conscious forces, we have the elements of a contemporary psy 

cholony of man , , 

Indeed, the appearance of Darwins work very soon stimulated 
the development of evolutionary psychological systems Spencer 
incorporated it in his magnificent synthesis, ‘ 
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posed upon the mmd tn consequence of tts 
Ldy- Kubte {1948) developed this into a model which seem 
have theoretical and heuristic worth 1 tody 

oE a) the direct and indirect expression oE ^ 

processes, through b) inherited yet modifiable networks 
!ynapuc patterns which c) are molded m tum by supenm^sed. 
compulsive and phobic mechanisms We feel that such a 
ceptual dissection oE instinctual activity may implement a 
parative or evolutionary psychology since it contributes tow 
a research approach to the relative roles oE these interacting 
in different instincts and among different species 

Kubie also points out that deprivation often precipitate 
transformation o£ the biochemical source o£ energy into ^ehavio 
by synchronizing the othenvise continuous asynchronous 
which goe on in body tissue during state oE ret Thee lo* 
chemical processes are linked to warning mechanisms which e 
come operative before the organism actually suffers tissue depnva 
non In animals that are phylogenetically higher, 
stinctual reponse are stimulated by warning mechanisms whi 
anticipate tissue deficiencie The instinctual aims and objects 
become integrated into the warning mechanums 
We accordingly hypotheize that psychological warning an 
warding*off mechanisms, lE properly studied, might provide a 
kind oE psychological-evolutionary systeraatics Exposure to pain, 
anxiety, or danger is likely to be followed by efforts to avoid a 
repetition of the noxious stimulus situation with which the ex 
penence is associated Obviously an animal with a more highly 
developed system Cor anticipating and avoiding the threatening 
arcumstance is more efficiently equipped for adaptation and sur 
vival Such unpleasant situations may arise either from within, 
in Its simplest form as tissue deprivation or from without, by the 
infliction oE pain or injury Man s psychological superstructure 
may be viewed, in part, as a system of highly developed ivaming 
mechanisms 

Man s instincts drives, needs, or primary action tendencies do 
not, in general, interact directly with his external environment 
His pcrccpuons, motility, and emotions are mediated by a com 
plex reacting and buffering system, his personality, which in turn 
IS the resultant oE his constitutional inheritance and his life* 
cxpcncncc It EolIov.-s, therefore, that the biochemical, neuronal. 
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and morphological elements with which hu phylogenetic history 
has cndoived him serve as a basis for human ' psychic solution ” 
For example, the rate of man’s physical development and the 
nature of his neuronal and hormonal systems seem to predispose 
him toward certain advantages as well as probletm , 

Bolk (1926) described, under the term 'retardation, the de 
celeration of the rate of growth and maturation among higher 
mammals, espeaally the apes and man Gestation is sigmllantly 
prolonged, aS the duration of infancy and helpless dependenty 
m adults IS greater for humans than for any other aniM 
This protracted immaturity creates a quantitatively unique bas s 
for soMlization, individuahratiom and ” *e 

Much emphasi^has ton P^ ^^li^e 
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dominate the realm oE visceral acuvity The ‘visceral brain pr^ 
" e cLlation center for ordering the affective behavior M 
the animal in such basic dnves as reproducing. ^ 

similating food, fleeing from or disposing of ^ 

situation, MacLean states, ‘ provides a clue to undentan o 
difference between what we feel and what we know 

The evidence for this dichotomized system of anatom) an 
function IS far from conclusive (Pnbram. 1954 and 
It may prove to be less clcar<ut than the theory would seem 
promise Yet the evidence for some such discontinuity is ™P 
Le The work done thus far is highly suggestive and 
SO closely with clinical observations that it deserves our theor 
cal consideration and further experimental observation 

The principle of homeostasis (Cannon, 1932) emphasizes ^ 
role of the autonomic nervous system and endocrine apparatu 
for the maintenance of a constant state (Bernard, 1927) throug 
internal and external vicissitudes and the physiological resi»nses 
to stress Fight and flee responses seem to be mediated predomi 
nantly through the lower, archipallial, visceral centers" 
than the neocortical cognitue'bram This phylogenetically o 
apparatus functions in man, who because of prolonged develop” 
ment and delayed matunty is unable to channel responses to 
threats and stresses into expressive motility dunng the earlier 
part of his existence, and, because of the neocortical emergence 
of social-evolutionary values, is usually prevented from attammg 
kinesthetic expression of defense or attack arousals in matunty 
In short, bamng war or some extraordinary event he can neither 
fight nor flee, first because he can t and later because he daren t- 
These human biological characteristics taken together — (a) 
tardation or fetalization of man during a large proportion of his 
life, (b) the development of a neocortex, and (c) the possible 
persistence of an archaic neurological and endocnnological system 
partially but not completely under cortical control — may be the 
nexus of certain psychological determinants of human behaviof 
of some significance to our inquiry For retardation inexorably 
creates a social man dependent on his social skills and dependent 
loo on a complicated system of symbolic communication based 
on his superior brain for survival Built into this subtle symbolic, 
social organism is the aSective mechanism of the archipalhum* 
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and the endocrine and autonomic systems geared to more primitive 
stimulus patterns and to kinesthetic and visceral responses 

Perhaps, as we shall see, the ‘ age o£ anviety may properly be 
said to have started with the emergence of Homo sapiens Mans 
biopsychology is that of the deielopment of adaptive and survival 
techniques through the learning of complex social mechanisms 
One stimulus for such leammg is frustration, that is, the inter 
position of delay between the perception of a need and its «tis 
faction The goal is the resolution of the conflict which results 
from the disloStion between biological needs and 
The prolonged dependency, and the great complexuy 

makes of man an animal with a potent predisposition S 
SIS of internal conflict and anxiety , 

only in f "f 

channeling and such a degree P° P ,^)„cl, are de 

for the individual Incompatib conditions of human 

sirable but mutually excusive possibility and restric 

development This discre[M y ^ constriction under 

tion, stimulation and inter ic ‘ , o£ [he human being 

lies that quantitatively unique characteristic 

conflict , anxious animal He may not 

Man IS not the only neurotic or psychotic 

even be alone in his P™P'"“/ . [ his present state of biologial 
It seems highly likely, ^„incrable of all animals to psycho- 
evolution makes him the m evolution make him ^c 

pathology, and the values of hn s^^ „sladapuve be- 

animal most likely '“ ‘“^bohc communication excels that of 

havior His capacity for sym „,,„,[vealtematnes trr 


animal most 1 


avior His capacity ‘!^^eof“ is adaptive altematno tran 

all other mammals, and the g develop palhologica 

scends theirs but he n aho the most h^ J ^,3, „„ 

symbolic mdicates that severely 

cCices While all -f “' r^Sductive rate, the neurotic and 

viduals do not have a high rep 
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1 temperamenully anxious individuals seem tojffer no such 
reproductive interterence. The evolutionary “ 

s^^cies rvhich is prone to conflict 

psychic pathology, and capable of surviving in spite of p- 

conflict and anxiety are implicit in his biological and sMul 
evolution, their media are the means of 
mammals, especially primates, have complicated mod 
munication, incorporating bodily and vocal signals; but y 
speaks. He shares emotional language with lower 
propositional language is so far as sve know uniquely ^ 

Ck>nditioning research has shown that the capacity . 

substitutive stimuli (Pavlov, 1928) is not a recent P”^ 
achievement. Anthropid apes appear to be capable of e 
involving prototypic symbolic processes (Wolfe, 193^)' 
and subsequent conscientious observers of mammals have 
tinguished an impressive array of communicated emotional sm 
But the symbolic channeling of affects and action into wor 
characteristic of man alone; only among humans is verbal co 
munication able to stimulate the ideas, arouse the emotions, an 


affect the behavior of other individuals and groups. ^ 

The adaptive role of a highly developed system of communi 
tion for a being who is totally dependent upon interorgani^ 
sustenance is obvious. The very plasticity and variability ox 
human organism demand a complementary range, fluidity, 
resilience for the modes of communication. Man’s conscioust^ 
and awareness of himself, which may differentiate him from o 
animal forms, are in large part a function of the projective, 
stracting, conceptualizing capacity he manifests through the ver 
symbol. But the verbal symbol through which are communicate 
not only the ideational ljut also the emotional vibrations of the 
human animal becomes a true projection of the inconsistent, 
ambiv'alent, confused creature who created it. The human verba 
symbol communicates more and less than it intends; effective as 
a means for binding individual to individual and providing ® 
biosocial milieu for the group to operate in, it also guaranie^ 
that any inconsistencies that exist in man will become part of hi* 
social environment. 


The human infant, prcvcrbal and helplessly dependent, itiay 
be comparable in certain v.'ays to prehuman primates. The stinto 
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lus, dimly experienced or acutely perceived is closely followed 
by a motor response Frustration may well be one essential pre 
requisite for the sharpening of consciousness the awareness of 
self, and the development of thinking Absence or delay of fulfill 
ment of a need may result m tensions which stimulate heightened 
consciousness end the beginning of a self image If the available 
repertoire of motor actions fails then certain inner processes may 
successively or simultaneously occur The 
process may be a visual or mnemonic 

but absent object, the hallucinatory precursor of thinking This 
Opacity to imigine desired but unattainable goals pictorially or 
verbally, remains characteristic of human tnith' 

Harlow (1054) has contributed an important addition to frustia 

Danvin considered ■«' 7 ' smial selection 
in organic evolution S: best adapted animal 

among the mechanisms ih g observations 

species survived Among 

on the natives of Tiena del ^ possession of proper y 

of social evolution of civ families under a chief 

a fixed abode, and Lion and the acquisition 

Thus sexuality, LSmSre.ical requirement for or 

of property sum up his esscni 

game and social evolution miplications of human 

Following this lead uc w* ,j,j means of sustenance 

aggression sexuality and acq matu 

sSce tt n tmposstble to “"“'J ””Lence on adult who are 
rity outside of the ”1 „ essential to our under 

for him (in both senses) n o ourselves with the bccom 

standing of social '™lutmn to “nce^^,^„,,, „uclear fanuly 

ingofahumanbeingwillun tb comprehensive nor 

Our suggested Live equally well" These do 

unique other categories „„,k me tod pro eii ''n 

, ™. ro.os«H.ou.n f ^ " SiplS" Z' 

el’clvo to, 00.1,1 1 i.a. 01 . .PPd" ■" 

tanctions These are a 
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represent important facets of the psychology of contem^ta^ 
Xand taUn together they delineate the 
biological needs of man nhich must he socialized y 
to adapt and to sunive By the same token, if inadequat ) 
a°ed tU precipitate social dislocation and paychopatlio 
condmons War, ivhich among mammaU is solely mans p o 
me, ivould seem to demand some understanding of mans 
live aggressn e, acquisitive, and possibly sexual propensities 
as isell as mental illness in their outuard manifestations, ^ ^ 

inner experiences, reflert malfunaioning in one or more o 
three crucial areas Stated more positively, adapution m man, 
the promise of progress in social evolution, depend on e 
cessEul adjustment of the sexual, aggressive, and economic or 
quisitive relationships at intia and interpersonal levels 
The essential condition for the survival of the human 
and hence for the human speaes, is the existence of the nuc 
social unit, generall) the f^ily The human neonate adapts ^ 
a human em ironment and must continue to do so m order to su 
Vive The necessity to adjust shifts from a biological 10 a ps) 
logical imperative in adulthood, that is, when ph> 5 ical in 
pendence is attained This prolonged, intimate interdepen cn 
relationship in the famil) or nuclear group results in circumstan^ 
of provocation and inhibition, stimulation and control of 
havior within all these vital areas It results in a transfer from 
mdividual to the soaal unit (the family and by extension to 
conglomerates of families, clans, tnbes, governments) of the con 
trolling function This control need not be continuously 1® 
posed from the outside throughout the life of the individual, but 
during the penod of greatest dependency the adaptiv e mechanisms 
are norraall) internalized and become part of his personality 
For example, the erotic stimulation resulting from heterosexua 
animals living in such close association is ngidly controlled by 
an interdirtion against sexual interacuon betvseen any members 


Din and which hare direct implicuumi lor eroTuunnary problems. Jfcobers 
contcicnce would have liked to have a category of eaploraiory beharwr inclod 
at well It waj tuggested that a fpecies which lU foisory and ether 

tie* non lolly in exploration ol the environment would have a •elccure advan^S® 
e'er a similarly endowed one which did not. This u rcry persuaiire but o® 
lortunately studies ol exploTatory bcbartor as such in animals or buuians, ^ 
inlrequenL Exploratory behavior may be closely iinV.^ to behavior in any of C-* 
selected categories, but certainly occurs outside of thi»Tn 
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o£ the family group except the original procrealing couple, the 
father and mother Relationships betiicen siblings or between 
offspring and parents are forbidden by a taboo against incest 
Some such internalized structuring of sexual beharior is common 
to all known human communities and is unknown in any pre 
human species Similarly, while the frustrations of family exist 
ence may provoke aggressive responses, these are rigorously in 
hlbited in the interest of continuity of these essential relation 
ships Since the family is a group of individuals which shar« 
food, territory, and property, it follows that the acquisition of such 
materials bol writhin and without tins nuclear organization roust 
come under rather rigid social regulaiion 

If we are correct in our assumptions Ihus far, it follows tha *e 

Ins array of conflicting alternatives impulses into more 

mate Ins socially harmful or '"p^bes into 

tolerable avenues - biological L. froin 

their opposite and to postulate that some such 

outside foci back toward lustoncal transitional 

pletely successful, both Jolution and bemuse 

logical mechanisms to effec ppr consistent The fam 

the external environment IS neithe „E ,he outer 

ily IS relatively but not mternally consistent in its re 

larger community, and M h trait 

wards and punishments These coexistence of anti 

characteristic of the human amb.^^^ „^j,cts. 

thetic ideas, emotions and j of power and dominance 

acquisition of property, anda* cement ^ E 

are rewarded by pleasure „P^„ess of property, and al> 

t renunciation of exdus v 


sexual interest 
siention from poi^er 
become 


striving are requisites 


I from poster frustrating agent, 

social Seals The Wovrf Activity strives with 


become social laeaw ^ 

and the pleasure giving obj 
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passiMty, maleness svith temakness, esen life suth 
^flictful, ambiralent, bipolar animal siho achieves a m 

adapt, V e stability by repressing some part o£ 

- ■ — ttansmutmg others, and tumiinio 


o£ man 


mgs, delaying, mv citing, or 

Our knotsledge of these psychological characteristics ' 
comes mainly from verbal communication of private exp • 
buttressed by our observations of human behavior P 

verbal animals incompatible behavioral tendenaes , 

Studied in the laboratory and in the field Experimentally m 
approach a\ oidance, reward and punishment, and perceptua 
fiicts leading to ‘ anxiety" and neurotic and psychotic like be avio 
base been reported in the tat (Miller, 1951) and other 
Analogies to the conflictful ambivalence of humans exist in 
reports of the incompatible behasioial tendencies seen ^ , 

and fishes investigated by the ethologuts (Lorenz, 1935* 
and Tinbergen) Courting behavior in some fishes has been 
scnbed as conuming within it clearly discernible attacking an 
fleeing tendencies toward the rival which appear simultaneoiu 7 
and successively Among certain birds the three incompat* c 
tendencies are a) to copulate with the object, b) to attack, and c) w 
flee Tiiesc alternatives may all be discarded m favor of a , 
but different form of activity which is described as 'displaced 
The differences between these postural inconsistencies and hu 
man ambivalences of internalized emotional attitudes arc appar 


ent- Nevertheless it is impressive to note the biological antiqni^ 
of the conflicts found m human psychology between mutua y 
incompatible but strongly fell aggressive, sexual, or fearful re 
sponscs to the same person or other object Similarly the ‘ dis- 
placement' behavior may be considered the early phylogenetic 
analogy if not precursor to the interchangeability of human oh* 
jccts and aims Thus sexual behavior may provide aggressive 
outlets, and the acquisition of goods may serve to satisfy agg^^ 
srve or sexual aims cither directly or symbolically 


3 

Sextiahty 

By any definition, heterosexual interaaion and its deviate 
forms arc bine to organic and socul evolution among roamnuh 
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Certain evolutionary changes have resulted m sexuality s bccom 
mg a basic factor in the total psychic development of man. tran 
scending its reproductive significance Man is pre-eminently a 
sexual animal Perhaps most imponint is the permanence ot the 
sexual drive among both male and female humans Alone among 
all mammals the human is freed of the limitation of cyclical sexua 
drives, or to state it another way, k never truly freed from sexual 
aims and object seeUng Deach (igiy) 
sive phylogenettc decrease in the importance of 
to sexual drive in female mammals and has suggested that this 

prolonged dependeuee of 

o. humans 

the taboo on intrafamilial " ““"one’’ concomitant effect 

Heightened ;„pond adequately in a sexual 

made '»Sh=r mammals less 1 ly niammals Nisscn (193 1 ) 

Situation without learning. -n<.fffrtual attempts of male 

has described awkward and j":,/ Generally 

chimpanzees to mate " P ■ hey become capable 

mthe^rolougedpracuceu^^berom^^J^ 

copulators While j copulation delays genital coitus 

sity of learning the ° , P ejence that what we might 

among humans, there « mphca.ed the signif. 

call associative learning has so e „,th the ready re- 

cance of human coital activi y j ^ hrain pover and by 

sponse available to animals lea lund d y j^,^,op„enta 

I protracted developmental ,„3„ ,hai of 

Tnyoier animal in'’the “".Tarousal is not emfined 

totis-^rmlfh--— 

- ® . — evn/l fhe sk 


but IS intensified hearing tactile 

orifices: breasts and the sUn „f .l,muh for sexual 

feeling, and taste may ci.ion of erotic excams u 

excitement This spread arfau.^ „ psyclioanaljiis ha. 
important m man s ’ j personality 
shown, tn die deselopment of hB pe 
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Sexual play, including foreplay and grooming b*a«or rn^^e 
premature period, seems to incr^e up the 
among mammals. Erotic stimulation, short of 8“'“’ , 

an important form of sexual activity m humans. 
self-stimulation is basically a mammalian pattern, 1 PP 
able that masturbation is quantitatively a more 
outlet for men, particularly in the pre-adult age, th 
human primates and other mammals in the Jree 
1947; Ford and Beach. 1951). Homosexual behavior 
occur in all observed mammalian, primate, and human p P 
Only among humans. howe\'er. is there evidence lor ex 
sexual interaction between members of like sex even s' en 
is no external limiting factor such as the absence of aval 


members of the opposite sex. ^ ^ 

Let us consider as one complex the following factors: a) 
prolonged period of sexual immaturity, b) the ^'idence 
sexual aaivicy appears in humans long before genital 
c) the prolongation of man's life long after sexual 
ceased, d) the persistent noncyclical urgency of the sexual ^ ' 
in the human throughout most of his life, e) the prolonged m 
mate dependence of the developing child in the family on 
adult female, probably also on an adult male, and possibly o 
siblings of either sex, f) the interdiction on sexual interaction 
between members of the same ^mily except between the parent, 
and g) the rigid charmeling of modes of sexual expression in 
larger social group. All of these factors affect the psychosexua 


and psychosocial development of man. 

This combination of factors leads to certain predictable re- 
sults. The presence of sexual needs in a developing human who 
is pres’ented from gaining sexual access to the males and female 
in the familial environment, and who may in any case be biology 
tally incapable of orgastic discharge, leads to pri%’ation, frustra 
tion, and conflict. This conflict situation is insoluble without 
recourse to repression, which successfully resolves the dilemma by 
subordination of one aspect of the conflict by the other. The re 
pressed impulse remains, hoivcver, as a psychological entity 
man capable of affecting his feelings and behavior. Under cer 
tain circumstances it may e\'en be crippling to the attainment o 
full sexual des'elopment. Shifting of objects, sometimes to the 
self, reversal of the impulse to asceticism, or sublimation into so- 
cial or creative goals may occur. 
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The prolonged learning period oE man, his encephahration, his 
relative plasticity, his inBnitely greater range of choices, and his 
aptitude tor symbolization result m rich potential variability of 
his sexual patterns In fact, however, the interdependence of the 
human social group and the stria and effective taboos during the 
developmental period serve as highly effective structuring mecha 
nisms tending toward an impressne conformity as to die tech 
niques and objects employed for sexual out ets, in Jite of poly 
morphous mammalian endoivment and relative freedom from 

'"Thrlrstc^mon inhibitions placed on 
havior seem to have adaptive value for 
lotion even though these are almost never 

f.on for invoking them The incest taboo is apparently rciaico 

pete with the sexual behavior between indi 

or group system Homosexu^ s« ^ oongeniul contacts have 
viduals ,terdo not result m reproduction Re 

;“o°n w o"y the Jne completely essenual requirement 

for survival of any species , arousal associated 

Even Uie family engendered p ^ ^ significance 

with sexual frustration J Frustrated in his sexual 

beyond that of biologica p being is capable of subordi 

access to a desired object, the sublimation 

natmg, repressing the sexua j component to the larger 

redirLing the "-/aTdtrtnimu^ity, sute. and the 
group““to a love ot tarn y 
ivorld 


AggresswHy j„„al aniv ity. but 

The human species has competitive and fm 
the method of obtaining ^ P" altention 10 
quently combative male both ■" subduing 

vantage ''"’“‘"S ‘^^gS sexual dominance over die 
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I’t is not an uncommon clinical discovery that ‘he^sexuality 

male and female humans contains elements of 

Man is also a predatory animal who pursues ^ ^ 

mals in order to kill them for his food Man ts 

must defend himself against his physical, animal, and I 

vironment. Indeed his arboreal, 

survived by their skill in retreats and by dietary predi 
which freed them from excessive conflict. To ^ 

and carnivorous may have involved a behavioral transition 
retreating to an attacking pattern. Clinically we know t a ^ 
alarm and outer aggression are not uncharacteristic ^ 

sibly he is reflecting his mixed evolutionary heritage. Certai y 
level of aggressivity is adaptive and essential for survival. 

Although fight or flee responses to stress, the studies on s 
rage,” and aggressive responses when certain areas on the ta> 
are stimulated are well described (Cannon, 1932: Selye, ' 95 ^^ 
Bard, 1941), we have no knowledge oE a mechanism of p 
logical discharge of aggressive tension comparable to the 
tion in orgasm or ejaculation of sexual arousal. Nor do we a 
information concerning the existence of any particular specia \t 
organs which are adapted to aggressive stimulation and response, 
comparable to the erotic areas. There is some information con 
ceming anatomical loci and biochemical excitants of aggressive 
behavior but it is as yet incomplete (Fulton, i95i)» 

Some observers (Freedman and Rosvold, in preparation) have 
noted markedly increased aggressive as well as sexual behavior in 
the female macaque after implantation of large amounts ^ 

estrogen. But whether this aggresiveness is the consequence o 

sheer heightened activity or cerebral irritation or is a psychic 
concomitant of greater sexual excitement is not known. 

Freud (1920) considered aggression to be self-destructive in 
stincts which arc turned outward to other persons and the wor • 
We need not accept this far-reaching hypothesis to confirm his 
clinical observation that aggressiveness, or even destructiveness, 
is a characteristic of human beings. Adler stressed aggressiveness 
as univenal human overcompensation for feelings of inferiority 
and insecurity. 

The degree to which aggressivity is determined by constitutional 
predispositions or is learned, the resultant of reactions to frustra 
tions during the life hbtory of the person, has not been detef' 
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mined But thus far no environment lias ptmided at least to any 
mammalian group a frustration free life experience nor has an 
aggression free species appeared The distinction belli een phpical 
aggressiveness and psychic aggressiveness is the difference betueen 
behavior and fantasy the act and the idea But physical a^essiie- 
ness IS the antecedent the drive is a necessary precondition of 


*in*the bboratory experiments have demonstrated a rclationslup 

between genetic makeup and propensity 

bailor among rats and mice Certain aggress, le 

consistently defeat individuals from less 

and Klein ,942 Gmsburg and Alice ' 9 *=) 

and survival value of this trait is apparent The important 

pear to have a ripening «*^®*^* ® efficiency of these ma 

and female birds (Lad mammals iihere 

neuvers is shown by the obs . ^ 

there is little wurtslnp may appear in the 

more fighting (Huxley ig4 ) i ,nds of apparently nonsexual 
presence of a number of ‘ nrPTCssion (Ford and Beach 

excitements ‘Um“;"hf SXc'eruticany inmates 

,951) Among dominant and esen aggressise 

the relauonship and , „citcmcnt is most dra 

role With humans agpession some elemenu of 

matirally evident mmdism and 

it probably play a ro h,..alent fleeing tendencies 
provocatise display and 3 piopemity to asgiessisiiy 

We have some medical ' idormenu In seiy young 

m humans exists as part of 8 lendcncies an in 

children m whom we f ^mpanied by grea.er des.mc 

crease m general motility 1 basis in children 

me and aggressise ^ cH diseases when 

clearly shown WlowmS ,^3 pm.cncepbaliiic symd om^ 

hasior is not infrequent ^ 1“ ,| hyperkinetic ate likely 

Youngsters who arc comtimt 1 normal pcen E'en 

rre'^ggressise -d .Ho cxcessise acmil, 

moderate attempts by adults 
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create a frmtrauon which is like!) to superimpose a ^ 

gressiviiy on an organic one (Schildcr, 1936) . ^ul,, 

fhild miy be prosoked by a wide range of condition and ^ • 
by pain or punishment, by the restriction of motility, dep 
of nutrition or warmth, and the withholding of love 
The family social organization characteristic of h 
to p.omote conformity and passivity and to limit s^ 
nonconformist behavior and aggressivity A child ^ 

dependent on others must tailor his behavior to the 
ficrures Aggressue feelings can be translated into action 
*e degreflhat such beLior u tolerated Successful comp 
resolt against the parents is impossible, and the impulse ro 
repressed or other, less dangerous, outlets sought Aggreai'^ i 
must be relegated to the unconscious, \%hence they 
again from ume to time in fantasies or by indirection The ^ 
finds outlets in play or he may react against any aggressue o 
of behasior. becoming entirely passne The bte of the 

irapulsemay be compared to that of the sexual impulse Inhi 

of the outlets results in dental, in displacements and resersa 
goals and of objects, and m consaotis and unconscious fantasy ^ 
If sexuality u the attracting for«, aggressuity is the 
force to mcesL It is fear of the countcraggression of the pos'C ^ 
parental figure vhich inhibits osert manemers tmrard gaim o 
access to the desired sexual object ishithin the family Here ' 
arc on familiar phylogenetic ground In most animals uith social 
or group-forming habits the dominant male aggressuely dn'C* 
aivay other cosetous but less powerful males, including sons, fro® 
his males (Danvin) 

Among most mammals, and especially primates, physical size* 
prossess and aggressue aauity favor the males Although anthro- 
pologists have reported cultures where this distinction does not 
hold. It remains essentially true of most humans In our culture 
the socially assumed masculine role is active or aggressive, the 
feminine role is passive Hovvever, while aggressue behavior, as 
manifested for example by crime statistics and the role of the 
male m wars, is apparently a masculine trait, psychic aggressuaT 
shows no such disposition to sex difference 

\et tendencies toward mastery over inanimate and animate oh- 
jccts needs not be socially destructive, they can serve constructue 
goals and have considerable social utility Certainly there are deep 
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forces in man leading toivard cooperation These include not only 
sexuality but also aggrcssivity itself The plasticity of the human 
onranism makes for a richness of individual methods available for 
the discharge of fundamental drives tlirough socially constructive 
channels 


Acquisivity 

Acquisivity is an unusual category to appear in a 
annrychiatric discussion, even one which has wandered so far 

sential for human survival The™ « ,„",egntms 

of Darwin who made his fin that compe 

evolutionary hypothesis after f impoverish 

tition for the means of ^ ,o pre^cuble, 

ment of a significant proportion of mankino 

progressive . louitous psychosocial phenomenon 

Acquisivity, then, is a q significance It is a 

that IS possibly of """’'implicitly contains within us definition 
category of behavior whic P t,i„,n,an but the object, vihicli is 

not on7y the actor, human or „„ndera 

most frequently not human J ^ between the environ 

non of the specific ^P^iinTpychol'^''^'' 
ment, social or geographica . ^ have meaning and sig 

psychological and immediate congnicncy 

nificance only when we ar j„„,mnroent 
of the adapting organism and evolution may be 

Indeed, Simpson (1949) >> adaptive zones which are 

followed through a series 0 '^ . ^6) has observedjtat 

occupied by the organism Da « ,„di fo^ 

these adaptive zones frequen f for capturing pre) H' 

aiiring^eatures as i"d"MnVcfi-«'“‘"’rat Zt 
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create a frustration which is likely to in^a 

gressivity on an organic one (Schildcr, '936)^ASP 
Srild nray be provoked by a w.de range °f => „ 

by pain or punishment, by the restnction of inotility, p 

of nutrition or warmth, and the ° 3 ns tends 

The family social organization charactensti ntaneous 

to promote conformity and passivity and to i P 
nonconformist behavior and aggressiviiy. A chil ^j^^injnt 

dependent on others must tailor his behavior 

figures. Aggressive feelings can be jnl compete 

the degree that such behavior is tolerated. Successfu F 
revolt against the parents is impossible, and the 
repressed or other, less dangerous, outlets sought. AgS^® 
must be relegated to the unconscious, svhence they wi P 
again from time to time in fantasies or by indirection. 
finds outlets in play or he may react against any 
oE behavior, becoming entirely passive. The Cate of jjjon 

impulse may be compared to that of the sexual impulse. In i 
of the outlets results in denial, in displacements and reversa 
goals and o£ objects, and in conscious and unconscious 
IE sexuality is the attracting force, aggressivity is the 
force to incest. It is fear of the counteraggression of the pov-’C 
parenul figure which inhibits overt maneuvers toward 
access to the desired sexual object whithin the family* 
are on familiar phylogenetic ground. In most animals with 
or group-forming habits the dominant male aggressively dn 
away other covetous but less powerful males, including sons, 
his mates (Darwin). 

Among most mammals, and especially primates, physical sue* 
prowess, and aggressive activity favor the males. Although anthro- 
pologists have reported cultures where this distinction does n 
hold, it remains essentially true of most humans. In our culture 
the socially assumed masculine role is active or aggressive, t e 
feminine role is passive. However, -while aggressive behavior, ^ 
manifested for example by crime statistics and the role of t^ ^ 
male in svars, is apparently a masculine trait, psychic aggressivity 
shows no such disposition to sex difference. 

Yet tendencies toward mastery over inanimate and animate o 
jects needs not be socially destructive; they can sers’e constructi'^ 
goals and have considerable social utility. Certainly there arc deep 
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different significance for tlie child in a hunting or primitive ag 
ncultural culture than it has for the child whose parenu are rela 
lively free from constant preoccupation with food production 
For the human neonate the pnmary social bond is with his 
mother and it is a basically nutritional and affinitive one Other 
essential survival requirements involved m this relationship in 
elude protection and physical contiguity and affectionate ar= from 

another human being Spur (.9«) ‘ rtut 

sence of physical touching and exchange of ^ 

even though all other wants are satisBed in markedly 
morbidity, marasmas (wasting) and mortality 

Excessive deprivation of needed subsutence would of coune 
res^t m dea.h^ut relative depirvation ^ 

insuffiaent to satisfy the ° L numtive 

separation in time from the "“^Itfunavoidable 

tension and the f , Thu ™as important de- 

accompaniment o£ human devc p , if food depnva 

culture (Linton it)39) -r/imsition is restricted to sym 

I„ the earliest life ,Xhe^ siblings may later 

biotic relations to the mother community become 

assume a role and finally nutritive and sustaining objecu 

the source of acquisition ^^^ce limited to a single 

Thus acquisition of the go clothes shelter and other 

nutritive process is 8'"'™“ f„„,,,cbing symbolic significance 

properties The human capK^ .^cse acquisitive 

to other kinds of human «P="'"' becomes the nexus of a 
functions The suckling o and symbols and the later ex 

host of component feehnp -atcrials becomes the earner 

change of comparable and satisfactions far tran 

a wide variety of psycho togiml needs 

scending die overt ■"'«* of property in the form of 
Among men then the acquu.™"^ transcend in 

food clothes land “ttility ^ phP'«' b'fof 

psychological significance ■>'“y ovide for a number of 

Fortunes are a““™f,lmnrends--vvhether gregarious 
human needs serving <1 
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dominant, aggressive, or sexual Indeed, ' conspicuous display” 
(Veblen, 1934) has been postulated as the basic utilization oE excess 
goods This generalization, accurate uithin itself, falls short of 
being inclusive of the full psychological meaning of acquisitive 
behavior, similarly inadequate is the attempt to generalize so- 
cial evolution in such terms as ‘ economic determinism,” that is, 
the acquisition of means of sustenance by human social subgroups 
Not only may the intrinsic nature and quality of the food, cloth 
ing, or territory itself vary m its psychological significance but the 
methods for acquiring them may be widely dissimilar and merit 
diverse psychological interpretations Tor example, a comparative 
analysis of aggressise, sexual, and acquisitive criminals indicates 
that acquisitive behavior may serve as a kind of substitutive action 
for a wide variety of psychological needs, often unrelated to the 
apparent value of the acquired object Sexual, aggressive, and other 
motives abound (Freedman et al , m preparation) 

An investigation into the psychopaihogenic influences of our 
economic life indicated the importance of acquisitive competition 
as a force in the histones of some neurotic persons Economic 
competition operated as a pathogenic agency in several ways The 
struggle for acquisitive achievement liberated, m some patients, 
feelings of aggressivity which were poorly withstood In other cases 
the culturally prescribed standards of success presented goals im 
possible of achievement, which augmented already existing con 
flicts In others, economic life offered a new arena for the enact 
ment of competitive struggles which had been going on in one 
gurse or another since chiWViood The psychological correspond 
ence existing between economic insecurity, loss of love, and loss of 
self esteem were illustrated in many cases (Leavy and Freedman, 
1956, Freedman and HoUmgshead, 1957) 

We do not know that the ecological structure of human society 
causes neurosis or psychosis We do have evidence hoivever, that 
there are stresses inherent in man s biological drive toivard sub 
sistence and survival and the social framework m ivhich he acts 
them out We have some justification to infer that social evolution 
may involve adaptive stress and that resultant malfunctioning may 
take a heavy psychiatric toll 

We have stressed certain possible psychopathological concom 
Hants of acquisitive interpersonal relationships Obviously the 
same might have been done for aggressivity or sexuality with far 
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nchcr clinical evidence Having referred to the possibly malignant 
aspects of acquisitive interactions we might make note of the sur 
vival V’alue of this stage of ecological evolution Increase m ef 
ficiency m the production and distribution of food and other 
substances, and decrease in expenditure of time in procuring 
means of survival, are evolutionary changes not less important 
than the modifications in sexuality and aggressiviiy vve have dis 
cussed These social evolutionary clianges synergistjcally affect the 
transition from forms whose lues are spent in dealing with their 
physical environment to the man whose freedom from preoccupa 
lion uith the procurement of goods for survival enables him to 
utilize his neural overgrowth for the conceptual leaps which make 
him human — in spite of himself 

6 


Wc have discussed the relationship between the evolution of 
animals and the psychology of man quite deliberately ignonng the 
mjriad theoretical, substantive, and methodological obstacles and 
have eschewed attempts at historical reconstruction Our evidence 
and our conjectures have touched on the anatomical and social 
predispositions to conflict, anxiety, and discontinuity between 
cognitive and emotional responses Inter alta we have asked 
Vvhelher such speculation could shed some light on the harrowing 
question of whether, having achieved ibe apotheosis of destructive 
potential man will use it Lacking prophetic powers we cannot 
adequately test our hypothesis 

Tliere is nothing in the history of evolution, with its countless 
mute reminders of vanished species or in our understanding of the 
human psyche with us ubiquitous and deeply buried aggressive 
impulses which warrants denial of such a possibility Yet since 

hci‘ net^fChfC ddfs at ipf ku jk3x? .bJ5 xobherjes 

and rapes man has become a man binding and a time binding 
creature He has maintained the biological continuity of his family 
and the social continuity of aggregates of families He has related 
his own life experiences with the social traditions of those who 
have preceded him and has antiapaied those of his progeny He 
has accumulated and transmuted hts acquired goods and values 
through his family and through his organizations He has become 
bound to other men by feelings of identity and by shared emotions 
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by what dinicians call empathy. His sexual nature may yet lead 
him to widening ambits of human affection, his acquisitive pro- 
pensities to an optimum balance of work and leisure, and his 
aggressive drives to heightened social efficiency through attacks on 
perils common to all men. 
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Cultural Determinants of Behavior 


Margaret Mead 


THt AMERICAN MUSEUM OF NATURAL HISTORY 


The interest oE anthropologists in evolutionary theory — de- 
fined broadly as an interest in placing man within the whole 
etolutionary frameisork, or more narrowly as an interest in trac 
ing such distinctly human products as languages, political systems, 
methods o£ utilizing energy, and so on — has taken an uneven 
coune, in part following the osallations in the main body of 
biological theory, in part reactive to the impact of certain over 
worked analogies between igth-ccmury conceptions of biological 
etoluuon and igth-century theories of European supenonty or 
of the inevitability of progress (Sidney, 1953, chs 7, 8, 9) After the 
first quarter of the 20ih-century, when anthropology included the 
subdisaplmes of ethnology, archeology, linguistics, and physical an- 
thropology, and a consideration of questions of cultural evolution 
was an intrinsic part of anthropological theory, there followed a pe 
nod of divergence among these subdisciplines, which w’as reflected 
significantly in a lowered interest m problems of evolution This 
artificial division within anthropology — which separated students 
of human genetics and human growth from students of man’s past, 
and separated students of man’s culture from students of the pnn 
cipal feature of the communication system on which culture is 
dependent, language — ^reduced the capaaty of the discipline to 
deal with such an overall problem as evolution 

During the j>enod of low interest m evolution, there vsere two 
approaches— that of V Gordon Childe (1951) in England and that 
of Leslie ^Vhlte (1949) in the United States — ^which stemmed 
from a Marxian determinism and stressed a theory of unilinear, 
universal evolution with predetermined direction The identifica 
480 
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tton fit o^lmioiury |)roUcm* uiUi ihcsc approachei also slo^scd 
<• tUc mfcrcti of nian> anilitopofosjju m ehc subject 

Hie end of ifus era of tndtfiaencc nnj be aiinbutcd. infer nJia, 
{(la rc'isctf interest in rracmg tunned multibnearesolution to the 
abandonment of (he search fora singte utnvcrsal pattern of evolu 
lion Jn h\or ol the stadr of paraffcfrsm in (he sequence of evofu 
iionary doelopnieiu tn euttiires in different parts of the i\orId 
(see csfieculljr (hr s*oik of Julian Sien-ard, 1955). and to a groiv 
ing cccperatinn beihcen biologists and ihose anthropologists uho 
hasT been p’eoecupjed nh pioblcmt of cultural transnjusjon and 
transfonnaiion and i%ho have, ihcicforc, given increasing attention 
to detailed studies ol child rearing and learning’ The Wenner 
e.ren roundatton Internattonil SjmjHnmm on Antliropology, in 
tnSSi inailetl the end ol the era ol divergence (kroeber, 1953) 

\N nil the reintrgration ol the brandies of mthropolog), there has 
been a grov^ttig interest m evolutionary theory, so, for instance 
Julian ttuxley vvas invited to write the guest editorial for Current 
/tuthrapoh^ (tgst) It seems appropriate, therefore to sum 
mart/e brtefl) the trarhcionaf eontnbution ol cultural anthro- 
jiolog) in ihii field and then 10 go on 10 the new problems whicli 
are being rtplornl (oda> 

'Hie research of the Ian hundred years especially studies of the 
diffusion ol cnliiiral tnlis and detailed studies of ilie behavior of 
living ptitiimve jicoples has established the independence of pat 
icnicd cultural behavior from the racial constitution of the par- 
ticular carriers and has documented m detail the transmissibiliiy 
of culture from one generation to another ind between adults from 
dilTcrent cuhttrei Extensive efforts to dernonstrate the genetic 
lujicTiority of one racial group of man over another have so far 
faded, so that the present tiorkingassumption is that, as far as their 
capacit) to learn, mainiam, transmit, and transform culture 1$ 
conccmctJ, different groups of flomo sapiens must be regarded as 
equally competent The diffcrcntnl cuUunl status of Eskimos and 
Frenchmen, Ifugao and Englishmen, is attributed to differences in 
opponuniiy. as groups, to priicipatc m the cumulative tradition 
of human culture This does not preclude (he possibility of there 
being m any group at any given lime a different distribution o 
individual genetic capacity, but there is no evidence iliat such a 

I For ■ bcjinnlnn tcpprothemml l,elwccn •nihxopol.JSr etho}ogy $t« for 
exampfe lto*l<?r («gi7> *n«l Tannrr >nii inhetder (19^6) 
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superiority or inferiority can be maintained over many genera- 
tions. People of one stock will be found in one century to be liv- 
ing a life of barbarism and in the next exhibiting all the behavior 
associated with civilization, while the descendents of possessors of 
a high civilization may sink to the level of illiterate peasants. So 
far no one has identified any behavior, associated with any culture, 
which will reappear in children reared completely in a culture 
different from that of their forebears. As the range of human 
abilities appears to be comparable within all human groups of the 
same size, each cultural system which survives has to meet the same 
set of minimum requirements for maintenance and for survival. 
Each human language — highly diversified though languages ap- 
pear to be — must be one which every normal member of the group 
can learn to speak; each culturally patterned dietary must provide 
for human growth; each family and community system must pro- 
vide for the care of human children during their long dependency 
and for their education, must regulate the patterns of mating and 
of competition, and must pattern the behavior of members of the 
social group. As each variant of culture must meet the same basic 
requirements, cultural systems have a regularity which makes it 
possible for human beings, of whatever level of culture, to recog- 
nize and borrow from the cultural behavior of members of other 
cultural systems. Discussions of the capabilities of members of one 
culture to leam from others which arc more highly organized no^v 
lake the form of inquiring not if, but how and under what con- 
ditions, individuals or groups arc able to leam. It has been demon- 
strated repeatedly — by the records of chieftains’ sons in Western 
universities and by the adaptations of immigrant groups — that it 
is possible for individuals bom into one culture to leam the pat- 
terns of another. The question of how much a group, which re- 
mains in the same habitat and whose behaviors perpetuate the 
existing culture, is able to change in response to foreign models is 
at present the subject of keen research interest, particularly be- 
cause of the current emphasis upon the importance of cultural 
change in economically underdeveloped countries (Mead, 1953). 

The occurrence of parallelbm and convergence in the develop- 
ment of local cultural systems has also been exhaustively demon- 
strated. The high cultures of the pre-Columbian New World are 
conspicuous examples and, although the question of whether the 
development of these high cultures took place independently or 
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was triggered by stimulus jdeas-by small amounts of experience 
of more adt-anced Old World cultures— is still unresolved, the 
relative independence tviih which highly organized systems have 
developed among people who had previously much simpler sjs 
terns IS well established (Steivard, 1555) 

In the history of human culture, some of these repetitive and 
recurrent innovations can be \ietvcd as cumulative — especially, 
for instance, in technology, others seem to be alternative solutions 
to the problems of organizing large groups of people Jf we look 
at the history of human culture from the standpoint of evolu 
tionary theory, it is possible to emphasize either the permanent 
acqutstUon by the species of certain culturally determined forms 
of adaptation or, alternatively, the spatially and temporally 
limited acquisition by a particular human group of some high 
form of cultural organization ivhich may or may not become part 
of the heritage of the human race An emphasis upon permanent 
acquisition focuses attention upon the extreme flexibility and 
survival strength o! mankind, in that once a form of cultural be 
havior has been deseloped its continuance depends not upon the 
speafic genetic capacities of the group who have developed it but 
upon the general capacities of men as a speaes to communicate 
with one another and to learn from experience Culture the s)s 
tem of behavior characteristic of a human group svhich is trans 
muted through experience, can thus be viewed as a nesv mode of 
evolutionary process as discussed by Julian Huxley (194?) 
however, emphasis is laid upon the fragility of particular systems 
of higher culture which appear and disappear within periods of 
a few centuries, then attention is focused upon the question of 
whether — since the descendants of kings may become shepherds 
and elaborate symbolic scripts may remain closed to the efforts 
of later men to decipher them — mankind can take any irreversible 
evolutionary steps. 

One resolution of this divergence of emphasis is to treat those 
inventions which survive — regardless of ivhich human group may 
at a given moment in history be the earners — as the mainstream of a 
cultural evolution in which the various items are arranged in an as 
cending sequence of levels of organiiauon In this vray it is possible 
to arrange likely evolutionary sequences in technology, from the 
stone hammer to the machine tool, in the use of energy, from the 
use of the human body only, through the use of draft animals and 
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Wind and water, through the use of the combustion engine, atomic 
energy, and solar energy Comparably, it is possible to discuss man s 
ability to organize men in groups capable of living together within 
one system of sacredness of life and property, from the simplest 
known groups of a few families to modem aggregations of hun 
dreds of millions, or to discuss the evolution of religion from 
systems limited to a local supernatural on family land, tied to a 
small consanguineous group and unexportable to or unshareable 
with other groups, to the great missionary religions with patterns 
that can be shared by millions of people who, in other respects, 
are culturally very diverse In these terms, directional evolution 
ary change in culture may be viewed as inevitable and the only 
variable is the time at which a next stage will occur In this ap- 
proach, theories of orthogenesis become relevant, as each stage of 
development is seen to be subject only to the existing state of 
knowledge in a previous stage — ^ivhich may limit the alternative 
innovations but cannot determine which of many possible inno 
vations will appear 

The ethnocentric oserevaluation of our own cultural achiev 
ment — which, in the 19th century, led students of social evolution 
to establish sequences whose order was determined by a belief in 
the superiority of igth-century man — also bedevils thinking to 
day insofar as it leads to a false dichotomization of permanent and 
transient e\olutionary gains Instead, we may consider the state of 
human culture — as manifested in the hundreds of living cultural 
systems and in the ways in which these living systems are able to 
conserve and utilize the records of former systems — in terms of 
reversibility and irreversibility Then, because culture must be 
experienced to be acquired, it may be said that only those cultural 
behaviors which are shared by every group of human beings are 
irreversible gains These arc the patterns which, if only a small 
group of adult human beings survived some natural or artificial 
holocaust, vsould be maintained and would again be reinstated 
modified and elaborated by later generations having the same 
range of capacities as the ancestral groups who had utilized these 
patterns in the past The study of existing human societies at all 
levels of organization indicates that, stated m conventional terms, 
these irreversible patterns would include language, the family 
(including a sexual and an age-graded division of labor) tool using, 
selective exploitation of the environment to provide food shelter, 
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and protection, the idea of a group organization winch unites a 
group of families and determines their relationship to other like 
groups, some idea of the elaboration of ornamentation (including 
some form of patterned movement and sound, and patterned 
decoration of the surfaces of the human body and of artifacts), 
and some system of relating man to the perceived universe (^Vis' 
sicr, 1923) Further research by paleontologists and students of 
early man is needed to establish the conditions under which these 
now universally shared cultural acquisitions were first achieved 
by prehistoric and presaptem human groups 
Besides those cultural behaviors which may be said to be per 
manent, there are those which show some intrinsic and humanly 
TccogniMble superiority among existing forms and which can 
be communicated vvithout intensive apprenticeship learning 
(Kroeber, 1918) The idea of the wheel, the arch pottery, the 
domestication of animals, and so on, may be grasped m its cssen 
iials by peoples of such very different levels of sophistication that 
at any time tn history the diffusion of these ideas can be much 
wider than tiieir actual use, knowledge of such possibilities can 
be carried for generations and the ideas put into practice only 
when the necessary resources arc discovered or an adequate level 
of organization is reached The use of a script may be expected 
vnihm the next iwentj five years to reach tins position By then 
the possibility of a script will be known to all living peoples even 
though many of them will not yet be able to read and write and 
so, if all literate peoples and their records were destroyed the 
possibility of the invention of new saipts would be greatly in 
creased ’ Cultural behavior which is known about but is not prac 
need IS of course, more subject to loss than is behavior which is 
universally shared 

Finally, there are those elaborate patterns of behavior in which 
specialized knowledge is combined with riaboratt Sorros of orgaw 
izing large groups, m what we call the high cultures of the world 
These remain on an cxpcnmcntal and reversible basis they are 
cultural achievements which may not become part of the shared 
possession of the whole of mankind 

These are macroscopic generalizations about human cultures 
observed over millennia, or at least throughout centuries The 
gross forms of such sequences and the extent to which parallel or 

j For s discuMion of one such Invention Kto^ber (1553 pp W«7) 
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convergent development is xmohed can be t\orked out, m arcbe 
ology, by plaang events in time, and in other disaplmes— for in 
stance, by comparisons of languages or of blood groups— by es- 
tablishing the probability that like developments have resulted 
from contact of vanous kinds or are independent responses to 
similar environmental conditions (Stevrards [1955] multilinear 
lines of evolution) Such findings are useful in presentmg the broad 
outlines of human evoluuon, but theory about human evolution 
remains at a stage comparable to that in biology before the de 
velopment of genetics Given analysis of this order, problems of 
cultural evolution arc dismissed cither vvnth the statement that 
culture determines the behavior most of the time and that there 
IS an occasional ‘ burst during which an unexpected number of 
geniuses manifest themselves, or with the statement that evolution 
can best be understood m terms of environmental challenge 
(Krocber, 1952) Both are formulations unfavorable to necessary 
next steps in the study of human evolution 

During the past quarter-century, most anthropological research 
has ncgleaed the wider evoluuonaiy framework and has narrowed 
dowm to studies of the details of cultural sequences or of the dy 
namics of living cultural systems, implicitly or exphntly, these 
studies have insisted upon the independence of cultural phe 
nomcna from biological phenomena and often also from ecological 
phenomena Now, however, this detailed work — in which main 
tenance and transmission functions have been studied in small 
carefully speafied groups — has given us the tools with which to 
begin a newr investigation of human evolution The fieldwork 
of cftis quarrer-century has estabfisfied the mam outlines of char 
acter formation (Mead, 1956a). the methods b> which members 
of different generation groups are involved in a senes of transac 
tions of transmission, maintenance, and vanation of the particular 
culture of a particular group (Mead and WoUenstein, 1955) 
Earlier theoretical positions, which attaclied great significance to 
parental influence but failed to give any weight to the effect of 
individual genetic and expcncntial differences among those 
newl) bom into a society, are now giving place to others which 
include a recognition of such systems as both circular (in that the 
infant as well as the mother supplies cues for old or new forms of 
cultural activity) and open to the wider ecological system (Tanner 
and Inhcldcr, 4) Thus it becomes clear that the conditions tng 
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gcnng a dnnge ii-hich maj become evolutionary may occur at any 
pomt in this system-through binh. conquest differential deaths, 
an alteration of habitat, natural disaster, and so on 
Tfie artificial distinction between culture— as a purely human 
process— and all forms of learning tlirough experience— in the rest 
of the biological sector— may have been a necessary device to dis 
pose of tlieones of racial difference which assumed a racial factor 
in Gallic wit or in Negro musical ability Similarly insistence 
upon mans mammalian ancestory has been a useful method of 
focusing attention upon those aspects of mans instinctual be 
havior 'i\Iuch contemporary academic psychologies of the period 
tended to ignore But both the isolation of man in the biological 
orld and the narrow focus upon man s specific ancestral connec 
tions have limned our understanding of human evolution— the 
first by obscuring the similarities in the functions of transmitted 
but unsymbohted experience among human and nonhuraan 
groups, the second by obscunng the significant analogies between 
some aspects of human behavior and of nonmammahan behavior 
(particularly Uiat of birds *), seen m terms of grades of advance 
ment Recognition of the evolutionary importance of transmitted 
experience as w ell as genetically patterned behavior as a biological 
process within which those parts of human culture which are 
symbolized arc a special case bridges these gaps 
We may then approach the question of the cultural determinants 
of behavior through a recognition of finer gradations svithin the 
obvious gross distinctions between culturelcss creatures and hu 
man beings sviih culture There is one kind of transmitted expen 
ence in svhich — if sve ignore for a moment the presence of language 
— there is no break betsveen the kind of learning described for 
red deer (Darling 1937) or prairie dogs (King 1955) and that 
svhich occurs m human society that w learning which can occur 
only when the behaving individual model is present, because the 
learning is unverbalued inarticulate, recorded in no artifact and 
represented m no symbolic form Posture and gesture systems and 


3 Euler* (loss) recent specuht ons about the role ot visual perceptions ol space 
in the evolution of man during the arboreal stage could be extended Irom a com 
parison o! man with other mammals to include comparison inlh b rds Because of 
the great Importance ol visual stimuli and the rote of mual m courtship and mating 
behavior of bird, recent detailed votk on birds har pwv«r ver,- rtimulaiing 10 an 
understanding of courtship macing and pttrenuJ behavior among human beings 
(Thinner and fnhelder / Mead 
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the unsymbolized parts of a language— stress, cadence, and accent 
—all belong to this category. As the senior female red deer or the 
old ewes lead the herd or flock, so older members of human 
groups guide the behavior of younger members through the ex- 
perience of a mass of patterned behaviors, specific to a given 
ecological setting and characteristic of a given society, with much 
of this never becoming conscious teaching or conscious learning. 
Such human behaviors are potentially conscious, for just as a 
"grammar,” once articulated, can be taught, so too those parts of 
the posture gesture system which are recognized as correct or 
elegant may be recognized and taught by conscious modeling or 

4 In using the word “coniaom" here, I am referring not to the distinction made 
bf Freudian psychology betv.een conscious and unconscious behasior but merely 
to the difference between the inarticulate and unrecogniied aspects of behavior and 
those aspects which arc dealt wuh as recogniiably suitable for leaching and learning 
The contnhution to human evolution of those aspects of human thought which 
have been variously described as prclogical (Livy Bruhl, tgaS), the primary process 
(Freud. 1549), synaciic (Tiaget. tgsC). paleologic (Arieti, 1956). the proto system 
(Lowenfel^, and so on, and which have been studied as they are manifested In 
dliiFerent ways among pnmitHe peoples (Livy Druhl, igrS. Field. 1955). among 
children (Cnkson, 1950: Puget. 1951, Schachle). 194;), among neurotio ^reud, 1938) 
and prj^otio (Goldstein. 19-43). ^ * different matter. These aspects of thought 
have sometimes been considered antithetical to the type of rational thought which 
gives man control over hu environment, including control over his behavior within 
It But as these aspects of human behavior are observed and bbeled and subjected 
to rational analysis they become part of the cumulative culture on which man can 
draw The kisd of human thought which u the language of dreams (Sharpe. t937« 
1950) and of poetry (Armstrong. 1946, Sewell. 1931), which caji sometimes be seen 
more clearly in children and among pnmuive peoples or among peoples whose 
cultures have been rationalised along diQcrent lines from ours, might come to be 
identified as of less evolutionary service because evolution — to the degree that it is 
dependent upon the cumulation of culture — is dependent upon those particular 
kinds of thoughts which recent wort by Piaget and Inhelder (Tanner and Inhelder. 
j, y> suggests come to efiectiie fruition in late adolescence in situations in which 
the adolescent is given a chance to develop them in an ellccuvc way 

But the labeling of part of human thought as of lesser evolutionary relevance or 
the assignment to it of a lower siaiui, as is done by AneU (1956) when he treats it 
as a survival of some earlier form of life, may nell be as detrimental to the evolu 
uonary process as it was to label this type of thought prclogical and peculiar to 
savaga. an idea which has been disproved (Boas. 1911 and 1938), or as lower in 
the scale of mdividuaJ development, peculiar to children as distinct from adults, 
which also has been disproved (Abel. igjj. Mead. 1932) There u good reason to 
believe that man’s cvoluuonary progress depends also upon his abibty to dream 
and to maintain within himself and through hu culture a balance between internally 
oriented propnoccption and externally onwited exterocqition The disturbance of 
ihu balance may be one of the factors which account for the emset of boredom and 
apathy (Mead, 195s). the loss of evoluuonary vigor, and the decline of parucular 
anhtauons for whose fall no adequate external explanation has been found- 
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verbalization or. today, by the use of didactic films or sound re 
cordings Nevertheless much behavior of the most modern man 
IS still completely below the level of atvareness which makes 
teaching learning or conscious recording or transmission possible 
The recent interest in empaihenc learning in both men and am 
mah (Thorpe, 1955) u an exatnp?e of the fruitfulness of focusing 
attention on this sector of transmission by inarticulate experience 
On the basis of comparative materials, we may assume that at 
the earliest stages of human evolution all transmission of expen 
ence svas of this nature and that there were no ways in which hu 
man beings could instruct except by means of modeling behavior 
tJiat svas directly accessible to the senses of the individuals to whom 
the behavior was being transmitted For instance in the earliest 
tool using situations, the unshaped tool would as yet carry no 
message of use to anyone who did not see it in use Yet it has been 
customary to focus upon that stage m the evolutionary sequence 
in tvluch the tool had assumed a form which could give informa 
tion independently of its human user and to ignore the trays in 
which tool using, as a universal part of all existing Jiuman culture, 

IS still taught by direct apprenticeship before a human child can 
understand language Western roan has been so preoccupied with 
the articulated and consciously transmissible part of human cul 
lure that both scientists and laymen have been tempted to identify 
with the whole of human culture those parts of a cultural system 
which are consciously transmissible and therefore cumulative and 
to equate progression in this sector with human evolution as a 
whole 

The significance for the maintenance of a society of human 
beings of early mother-child relationships for the creation of a 
series of conditions svhich we cannot as yet render articulate is 
one illustration of this point, for it has been found that children 
in institutions, even where the pediatric care 13 of a very high 
order, slow down, cease to develop regress and in many cases die 
(Bowlby, ip5i) And we are just beginning to appreciate that 
there is a relationship betiveen certain types of childhood expen 
ence and the use of those high level abilities which are needed 
for the development of modem science but this relationship has 
not yet been so identified as to make it part of our cumulative 
cultural tradition (Cobb) 

Thus It seems necessary to discard the distinction once made 
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between the cumulative character o£ technology and the non- 
cumulative character ot other aspects oE human culture, and to 
make a distinction instead among gradations of recognition on the 
one hand and techniques of transmission on the other. Then those 
aspects o£ culture may be regarded as noncumulative in which, 
either because o£ failure to recognize them or because of a lack 
o£ technique for transmission, apprenticeship experience is the 
only form of transmission from adult to child, teacher to pupil, 
native to immigrant, believer to convert. In any cultural system, 
at any point of time, these ttvo aspects — the cumulative and the 
noncumulative — may be out of balance. Because systems of hu- 
man relationships were regarded as noncumulative, this lack of 
balance was once seen as a lag in the nontechnical parts of modem 
culture. "With our increased understanding of these inarticulate 
aspects of human culture, we can recognize that instead of a one- 
directional lag there is a discrepancy. This may be one of wo 
sorts: it may be an inappropriate insistence upon formulations 
which omit apprenticeship and so leave out a great segment of the 
component experience,® or it may be an insbtence upon an ap- 
prenticeship of so many generations that large parts of a cultural 
heritage, for which techniques of transmission are available, have 
come to be regarded as carried by “blood” and so as inaccessible 
to membeis of other races, other nations, even other classes or 
the other sex. 

A first step in transmission beyond the completely unanalyzed 
type of experience, such as that of the child in the family, is the 
type whicli includes recognition svithin an apprenticeship situa- 
tion. Transmission in this situation involves verbal prescriptions 
for behavior, so the articulate recognition of the behavior and 
the technique of transmission are present but the transmission 
itself is limited to apprenticeship within an immediate situation. 
A further step occurs when, for instance, the elders of the tribe 

5 Examples of areas of inarucalaie learning lodaj are the inttraate deuils of 
human relationihips. which are learned wuhm the family of orientation and Uter 
are practiced within the family of procreation prograranung for a co-npuling 
machine; reading an electroencephalogram, judging a somatotype; matching sets 
of serul data or patterned data for which no o^e^ all formula u available; matching 
sets of patterned dau for which no saiufactory mathematical methods have as yet 
^^devised (as In the use of the Rorschach t«t) surgery, psychoanalj-sis. and so 
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become ihe custodians oE the appropriate behaviors m all recog 
nued emergencies However, jn the absence of any kind of script 
or representational method of recording, thu knowledge is de 
pendent upon the lives and continuing mental competency of those 
few ^vho have mastered u 

So the first insurance of the preservation of any new invention 
or any cultural practice which has become essential to the mam 
tenance of a society or subgroup is diffusion among a la^e number 
of persons But as long as there are no supplementary aids to 
memory, no demonstrable products or models, each member of 
the group has to master all the skills and knowledge that the ^oup 
possesses, the strain that this puts on the members of any given 
group reduces the likelihood of the development of other con 
ditions conducive to progressive change Barnett (1953) has pointed 
out that there was a high level of continuous slight inventiveness 
among the Eskimo yet Eskimo culture is one of the most stable 
and unchanging that we know Skills were dutnbutcd with great 
evenness within the group, being pnmanly differcntuted by sex 
and age The spread of an invention so that many people share 
It simply increases the possibility that any item widely diffused, 
will survive Diffusion, therefore, is only a first step touard cul 
tural cumulation, that essential feature of human evolution 
A second method of increasing the safe transmissibility of a 
cultural practice is tightness of pattern — a set of practices so 
closely related that each implies the other so that the loss of any 
one Item will at most be temporary So for example, the Ontong 
Javanese, whose language and familial structure implied hier 
archical relations with a single peak, invented a king after 
they have lived for generations as the descendants of commonen 
without rank and without even the remenibered institution of 
kingship (Hogbin 1934) 

Convene!/, an unincegraced practice M subvert to loss So among 

a people who have no systematic need for artificial light beyond 
providing some visibility for events which occur at night an in 
iroduccd mttliDd of hsMing by kerosene lamps may be much 
more easily lost than among a people srho arc m the habit of 
doing fine srarfc like reading or copying lexis al night 
This type of integration may be expressed in a variety of sap 
-os emotional congruence or as a tendency to forget tmintegmled 
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practices because the memory of highly traditional behavior does 
not reinforce them.® 

A third ^'.'ay of ensuring transmissibility and potential cumula- 
tion is the creation of durable models, in the form either of arti- 
facts (a tool or utensil made of durable material, in contrast to a 
basket v?oven from a green leaf, to hold an octopus that has been 
caught) or of organized, repeatable verbal blocks, including im- 
plicit or explicit instructions which may be transmitted through 
human agents who do not tliemselves cany' out the instructions. 
Such may be the myths told by old women to boys, which include 
accounts of the performance of male activities — like war ritual, 
warfare, visions— or prescriptions of materials and procedures for 
cutting dorm a tree, hollowing out a canoe, and so on. This type 
of preservation of invention exists in some rudimentary form in 
most primitive societies. Here, the specific omission of any item 
of practice involves possibilities of alteration. So, for instance, the 
Omaha Indians publicly adopted the widespread Plains Indian 
belief that visions should validate membership in the religious 
societies, but by hiding the vision plots (which were not described, 
as was customary in other tribes, in the folklore) they were able 
to see that only certain individuals' visions would be correct (For- 
tune. 1 932). Such omissions may result in the development of secret 
or incompatible behavior within a society (as, for instance, prac- 
tices of classifying scientific information at present), and this in 
turn may lead to new types of divergence which may also con- 
tribute to evolution by encouraging diverse solutions to problems. 

There are many gradations in the recognition process which 
make any part of culture potentially cumulative. The attitude of 
New Guinea natives toward language and items of culture repre- 
sents one intermediate stage. We use "Romance languages" or 
Germanic languages" as classifications to explain recognized simi- 
larities between languages which cannot be understood without 
separate learning, and rve regard those languages as more easily 
leamable which are irithin one of these classifications. The New 

6 In my recent lestady of the Manus of the Admiralty Islands (Mead, 1954a. 

1956b) I found magnificent, detailed memory for the events of 25 ycara ago 
(whose zccuncy could be checked by my -imtien records) but exceedmgly poor 
memory of the period between 1929 and 1946. when the culture was in transition 
and the soaety unsuble, and a return of accurate memory in dealing with events 
system had been consciously transformed by the PaUau Movement 
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Ginnei native instead introduces the border village where "the 
ia]k IS turned and where living individuals know two languages 
This provides a different continuum within which languages can 
be learned characterized by a laige number of individuals who 
can hear* (understand when they hear spoken) several languages 
of which they speak only one or two Equivalent to this is our 
recognition that an individual with a sufficient historical knowl 
edge of Latin, for example can ‘read another historically re 
lated Romance language^that is, he can find meaning in a 
written text on the basis of recognizable common roots — which he 
can neither ' liear nor "speak * 

^V'e may assume that there may once have been a period when 
human beings had not yet sufficiently identified language as a 
shared learned system of communication to be able to learn by an 
act of clioice, rather than through circumstances of birth or adop- 
tion or capture in warfare, the language ' of another group 
The New Guinea area is characterized by groups whose bound 
ancs are exceedingly poorly defined — ^where intermaniage, trade, 
and warfare crisscross linguistic and geographical boundaries, 
where objects are traded far beyond the possibility of observing 
how they are made and so are copied by different methods of 
manufacture, tvhere cultuml integration is along lines of emo 
tional congruence, and where (here is a curiously indiscriminate 
willingness to identify and borrow (he practices of another group 
So not only are shells for the manufacture of ornaments and seed 
yams widely diffused among peoples who have never come into 
personal contact, but so are forms of marriage ceremonials and 
rituals These are consciously assembled by entrepreneurial 
groups into packages of musical themes dance steps instni 
ments, costumes, magic, etc — temporary complexes of practices 
and Items of material culture which can be bought re sorted and 
combined within a trading group, modified and exported (Mead 

J938, 19^0, 1947 1949) Having recognized that Items of culture 
are separable from any matrix and are recombmable into any 
other matnx — with emotiona] congruity, temporary alliance and 
dialectic similarity among a few hundred people the only integral 
ing factors— the people of New Guinea have developed a culture 
that IS highly transmissible, superficially very varied, and yet ex 
traordmanly noncumulative ’ 

7 The same d.sso«aicd sort of l»nsn,««n occurs .n contemporary forms of 
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Linguists are very much excited by evidence gained from glotto- 
chronology (Lees, 1953: St^•adesh, 1955) — a method of assessing 
the age oE a language in terms o£ the rate o£ change in a core 
vocabulary of deeply familiar words such as those for body parts, 
sun, and moon— that, in a group of languages for which we have 
documentary’ ev’idence, there is a relatively constant rate of change. 
Such constancy can be explained by the fact that the first language 
learning of the child has always been pcrson-to-pcrson learning. 
But on the analogy of birds, which during a maturatlonal phase 
much preceding the appearance of song can be taught the song 
pattern of another species vvith no member of which they have 
ever come into contaa except through a phonograph record 
(Tanner and Inhelder, 2 ). it is easy to see how the rate of change 
in the most constant elements in language or methods of singing 
(A. Lomax, unpublished research) can be altered by cumulative 
invention in some other area of culture, e.g. the ability to make 
sound recordings. Interdependence of this kind is illustrated also 
by the fact that only the very recently developed human ability 
to identify, isolate, and synthesize biochemicals has made it possible 
to demonstrate experimentally (Richter, 1943) the ability of rats 
to discriminate nutritioiully desirable combinations of minerals 
and vitamins. 

In sum, it is important, in order to understand the processes 
of cultural evolution at any period, to take into consideration 
both the micTvseaving vshich occurs between different areas of 
culture as they become cumulative and the proportions of different 
types of learning — by apprenticeship, by models, by prescription, 
and by inclusion within an integral^ pattern- The recently 
revived interest in ecological considerations may enlarge our 
understanding of the part placed by the environment in the gross 
forms of cultural institutions as peoples with comparable basic 
lev’els of culture are exposed to new resources, to climatic change, 
or to an invention like irrigation — whether such an invention has 
been made independently or has been diffused (Stevs-ard, 1955). 

However, in order to take the next step in understanding how 

djffus.on, in ihai »e are able to ipeofy eloaenu in oar caltcre — an auesnblr line, 
nomuonal locnce. phonetic tmung, dial leiepbcaes. Toung by ballot, mal by jury, 
the Qsnlerence table” — »o that w can export them throegh uanmiSHn media in 
winch no apprenticeship u necessary and othm oa import theta wjthont lefsxcocn 
to the oxer all state of the cnltore or tte toaal orgamzatioa of the im&ortn^ 
•oaety. 
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human evolution occurs, m cither its maintenance or its innova 
tional aspects, ^^re need detailed studies of the loci of tnmsmjssion 
on the one hand and of change on the other Such studies have 
not advanced because students of human behavior-cultural 
anthropologists, social or clinical psychologists, sociologists, and 
so on— have failed to recognize the need for multidimensional 
specifications within the same human situation Students of human 
growth Jiave studied changes in height under different nutntional 
conditions students of cliifd development have studied the growth 
and development of speafied children but have left vague the 
parents, the culture, and the social milieu, students of maternal 
behavior liave made minute analyses of the rejecting behavior of 
the mothers without examining the relevant behavior of the 
infants (on such variables as food acceptance, motility, etc), while 
other investigators have studied infants in detail but have neg 
lected to study the parents and siblings, and so on Most cultural 
anthropologists even those admittedly interested in the field of 
culture and personality, have studied the culture but have ^iled 
to localize the behavior of which they arc giving an abstract or 
selected illustrative account in individuals who are biologically 
and sociologically specified by their positions, relauve to each 
other, in an identified networb Yet only by simultaneous specifica 
tion m these different dimensions can we establish a research 
milieu within which the process of change can be identified 
In genetic tenns, human societies need a balance between 
homoz^osity, which may provide spccialued forms of gift, and 
heterozygosity, which will provide a storehouse for a wide range 
of human capacities Human evolution is dependent not only 
upon biological reproduction but also upon the cultural con 
tributions of individuals, made irrespective of whether the in 
dividuals reproduce themselves In cultural terms this means that 
cultural forms which are no longer selective for ihe reproductively 
fit may yet be favorable to the survival of those who— through 
very high, very low, or very deviant capacities— may be culturally 
creative Thus the available range of possible human potentiality 
is broadened Emphasu on popuUtion genetics alone ten^ to 
obscure this factor of the contnbution of the sterile individual 
The locus of human evolution u a transactional group ot m 
dividuals (Ittelson and CamnI, 2954) wbo share mankind 5 univer 
sal culture and who share also, m individual and varying degrees. 
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the particular sptcm of their society * As unique genetic combina 
tions, the innate capacities, relativ e to each other, of all indi\ iduals 
in the group are necessary factors m the evolutionary process 
The total ecological situation of such a group is also relevant— 
at least negatively — to the process Such a group may be one hamlet 
of a tnbe in the center of New Guinea, or the College of Cardinals, 
or the cabinet of an Indonesian premier, or the European Advisory 
Counal of World ^Var II, or all scientists svho are using some 
cybernetic model The group may be highly articulated, as an 
cndogamous village is, or it may be related only through an 
exchange of periodicals in different languages For research 
purposes, the essential point is the realization that to look for 
the role of a 'genius’ without including consideration of his 
companions, collaborators, rivals, and associates, or to look for 
the ‘inherent ngidity or capaaty for change of an artistic style,’ 
or to look for an ' unstable balance of power groups” is to state 
the problem of cultural change — and so of cultural evolution — 
in a way that leads to a sulemate We can get some picture of 
how change occurs only when each individual is fully speafied in 
hu genetic and experiential peculianty, when the culture which 
these individuals share, the set of social relations within which 
they participate, the wider situation of which they are a part — 
a world system of trade or politics, a chain of volcanoes vshich 
periodically erupt, the cycle of humcanes or droughts within 
which they must survive, the other systems with which they are 
in competition — arc simultaneously included within the defi 
nition of the unit to be investigated 

I shall now give bncRy the account of one instance of recent 
cultural change, in which a primitive people — the Manus of the 
Admiralty Islands whose shared culture W'as still that of savages, 
although they had seen and recognized the culture of the Western 
Vvorld — were able to take Euro-Amencan behavior as a model and 
to adopt 11 within a quarter of a century, omitting the senes of 
steps by v>hich Euro-Amcncan culture has evolved to its present 
pattern In presenting this case I am choosing as an illustration 
the simpler type of cultural change — that of cultural borrowing 

8 On the baja of our present lechniqun humin evolution can now be jtudrert 
In IdeniiSed bu-ian group* with the line-grained tool* now available to u»— <ine 
film tape recorder* the inieraction chronograph expcnmental ictting* containing 
•otae ngid mecbarucal and lome fiexible living parts *oclj a* lUinsays and ilOiS 
(> 9 SI) iapnauag devl« or Barela* <*9^1) telephone netwoifc* 
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—because we do not >« ha\e any studies o£ cultural creativity 
wuhm an original inno\ating group 
The conditions for the cultate change among the Wanus— the 
massive cultural contact between opposing armies and the native 
peoples during World "War II coming after slower exposure to 
missionary government and trader— existing m many parts of 
the Paafic There t\ere scores of attempts of various sorts by 
various native groups to take advantage of the new models and 
these failed m varying degrees The peculiar conditions within 
which this special case of successful change took place can be 
traced in detail because this one village of the Manus tribe of the 
South Coast of the Admiralty Islands already had been studied 
as a group of individuals with spcciBcation of the properties and 
relationships of each and of the functioning of each within a 
particular cultural system with a particular form of oiganiza 
tion The village could therefore be restudied by the same methods 
with a further specification of leaders of different villages and 
of different linguistic units who were involved in the change 
(Mead 1956b) 

In the course of twenty five years 1928-53 the Manus emerged 
from savagery and aftera period of culture contact during which 
the individual members of the tribe got more out of step with 
each other developed a new level of integration based on a Western 
model under the leadership of a native named Paliau who ivas 
a member of another linguistic group on the nearby small island 
of Baluan The Manus had been exposed to Western culture as 
mediated by German and Australian and American missionaries 
by German and Australian government officials by German and 
Australian planters traders miners and recruiters and by con 
tact with over a million membcis of the United States armed forces 
during World War II Seen from a distance and desenbed macro* 
scopically m terms of diffusion which permitted one group to 
take advantage of Ibe grade of achievement of another this woufd 
be just one more example of diffusion through culture contact 
between peoples of different levels of culture Furlhetmore we 
could place It as only one more among many such responses to 
contact between reptesenlalives of Western culture and the pnmi 
live peoples of the Pacific Such contact situations have already 
been desenbed many times mthout the descriptions throwing 
light on the mechanisms of culture change 
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To make the study o£ these people contribute further to our 
knowledge of change and so to our knowledge of evolution, it 
was necessary to specify in detail the membership of the groups 
In Manus, in 1953-54. we studied m detail the whole population, 
including the children, of one village which had been similarly 
studied twenty Rve years before, as well as the population of a 
second, new, culturally hybrid village, and also the group of 
leaders from all the Manus villages and from the segments of 
neighbonng tribes who had joined in tlie new political movement 
The latter group included one leader of “exceptional gift.” 
several other leaders of “gift,” and several individuals of varying 
degrees of emotional instability who initiated and participated in 
the mystical aspects of the new movement The changes which 
occurred, which will constitute an evolutionary step for the people 
of the Admiralties — whether or not they are followed by other 
progressive steps or harden into a new maintenance level — can 
not be refened then to the situation of culture contact alone, nor 
to the peculiar characteristics of Manus culture alone, nor to 
the period within ishich conuct occurred alone (post World 
War II with its climate of opinion favorable to the development 
of underdeveloped peoples [Mead, 1946, 1953]), nor to the greater 
cultural homogeneity of the Manus, all of whom entered the 
movement iniiiatcd by a non Manus leader, as compared with the 
land peoples who were fragmented by the conflict, nor to the 
age structure of the Manus population, with only a small number 
of living men above middle age, nor to the artificial prolongation 
of the stage of uncommitmcnt in the young men because wartime 
conditions had prevented their settling down in marriage and 
trade, nor to the sj-sccm of indentured labor which had exposed 
the group who became leaders of the new movement to diversified 
cxpcncnces in European types of social organization and had 
provided new levels of training for leadership as boss boys, police 
sergeants, schooner captains, etc , nor to the historical accidents 
which placed tlic gifted leader back of the Japanese lines and so 
placed him in an initially antithetical position vis i v is the return 
ing Australian administration, nor to the presence on Manus of 
an American occupation force, careless of the preservation of 
the social distance v\hich had been characteristic of white Austral 
-Nevs Guinea native relationships, nor to the presence in the 
American Army of Negro American troops, whom the Manus 
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natives perceived as members of their race who were full repre 
sentativa of the Western culture to which they themselves had 
never before aspired to befong, nor to the location of the different 
missions— with the Manus themselves Roman Catholic and 
Paliau, the leader, having never been bapitzed. with the Seventh 
Day Adventist group on Baluan barricading themselves against 
the mystical excesses of their formerly Catholic, and so dif 
ferentiatcd, neighbors, nor to the type of hostility which had 
prevailed between the land-dwelling Usiai, the island dwellers 
and the sea-dwelling Manus And. if we turn to specified mdmd 
uals, the changes cannot be referred to the superior gifts of Paliau 
alone, they are attributable also to the special constellation of 
leaders who were associated with him to the personalities of the 
particular missionaries, patrol officers, district ofiicers, local 
traden involved 


Detailed analysis shows that the changes occurred among this 
specified group of people, within this context of cultural social 
and geographical conditions At each stage in the development of 
the Paliau Movement, the composition of the group of people 
present on a given occasion, the way in which one person under 
stood or misunderstood another, can be shown to have been 
cruaal choice points (Schwartz) But this can only be shown when 
the group is studied in detail and ivhen the relative intelligence, 
experience, and life history of one individual as compared to 
another is analyzed Paliau, bom a hundred years before, might 
have accomplished a temporary alliance between his own small 
tribe and that of a neighboring island Paliau, bom fifty years 
later, might have been a representative to the United Nations 
of a unified New Guinea but, coming from a recently developed 


area, he might well have been seen not as a highly gifted leader 
of lonely distinction — as he appears in the Paliau Movement 
but as an inferiority ridden feast competent member of a group 
of rivals perhaps no more gifted than he but coming from more 
deeply civllued areas But when we analyze this movement, which 
succeeded in reaching such an extraordinary level ot rapid cultural 
transformation then Paliau the gifted leader, Wapi ot Ram 
butjon, the mystical seer of visions who triggered the Cargo cult 
in svhich the paraphernalia of the past were jettisoned into the 
sea, Samol, who had been a eatechist Luli^ who had been a 
6osj hoy for the Catholic mission, Napo of Mbule, who had 
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been in charge of a police station up the Sepik, the presence of 
a group of leaders of comparable high Ie\el, luth none outstand 
ing in the village of Pere— all these is ere components of the 
change Within this umt of study we can begin to consider the 
contributions made by the intrinsic peculiarities of single in 
diMduals, as members of groups of individuals whose intrinsic 
peculianties are also known 

To consider the Manus ev'olutionar> step only under the heading 
of cultural evoluton, illustrative of diffusion or convergence, 
or even under the heading of the "role of genius/' obscures the 
mechanisms involved and the wider temporal spatial situation 
within vshich those changes were initiated Only when such 
changes succeed do they become the background for evolutionary 
changes of such depth and breadth that outstanding inventions are 
made more than once, even though in these very cases very par- 
ticular individuals, peculiarly placed, will make them 

The procedures for the microstud^ of evolutionary change at 
the point of initiation must meet the same requirement the study 
m Situ of a group of fully identihed living individuals, of known 
culture, m a known network, within a known ecological system, 
speafied in inorganic, biological, and social terms Preliminary 
work suggests that cultural variation can then be further located 
wiihm the overlapping idiosyncratic versions of the culture, the 
tdtoverses* of the constituent individuab 
When evolution is studied in such specified groups, v\e may 
begin to examine the implication of the properties of the relevant 
groups in respect to homogeneity and heterogeneity, and this on 
many levels — ranging from such simple matters as height and 
weight and physical strength through tempo, reaction time, 
memory, imagery, and so on When the choice points of change 
are so located— not only in a culture, in a society, in a period, m 
an area, but among sociologically identified individuals in an 
interacting group in v^hich the character of the network is specified 
— then the degree of biological implication in change, through 
individual differences within the significant group and differences 
bciwcen cultures which have been elaborated by such groups, may 

9 1 aa mdebicd lo my coUesgoe ui the Admiralty Iiland rwrarch TTjeodore 
Schwaru. for ihi* phraimj Thu microitady ol culture change clearly muit fcllov 
two Una that louod through contlnuoui alennm u> ctatural hutoncal capcnmcoti 
»nd that of <!rtaJcd bboraurry eapmmern* of the ion bemz conducted far Atex 
Eavelas (1551). 
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be found to be one of the most important mechanisms of evolution 
The purposeful assembly of groups of individuals diveisiBed 
biologically, culturally, and in terms of individual life experience 
—as teams constructed to complement and supplement each other 
—may uell represent a next step in man s increasingly conscious 
implication m the esolutionary process (Capes 1957) 
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Introduction 

One author may rm.^ b" a great many 

runs”' ly L. -o-g 

thoughts and.ntheresu.Jg.on™ -W 
,n mmtature, and » ^ s„mmar.:e all that has 

purpose assigned to this cb p qJ summaries 

gone before, but what has ^ne interesting and 

It would be difficult it mig t n summanes just 

It could be o£ dubious uti i y ^ niore diE 

so and I do not intend to try ' successful should be more 
ficult but. to the extent tha is to go over more or 

interesting and more use ^ detail) using 

less the same ground (o ^ jmhors but with a diltereiu 

the informatton supplied by die 

sequenee and =PP™f cuu acmss warp and the 

ho°pe « *at a coherent "‘"J^rrecedmg chapien m thu 

Cuations by authors .,^0 evhaus.iie IVbcre no 
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authority ts given I an. f “““ „„rd.ted statement was ato 
original The diances ,b„ boot, or from stateme. 

denved bom some other conference 

by the other authors and ^ 
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Behavioral mechanisms and their history 

Behavior mvohes receptors, whidi bnng in some sort of in 
formation about the situation in -which an animal finds itself, 
effectors, ivhich do something about it, and mediating mechanisms, 
which, among other things, relate the action to the information 
The end results of long, progressive, and divergent evolution 
of receptors, especiall) the localized sense organs, are stunningly 
demonstrated in the modem world The (compound) eyes of 
insects and the eyes of vertebrates, for instance, are in their separate 
ways the most complex of all sense organs, and their svays 
are separate, for beyond the requirements set by the physical 
properties of light they operate on entirely different pnnaples 
That divergence is congruent with the known wide phylogenetic 
separation of the two groups positive, unequivocal evidence sets 
500 X 10* years as an absolute lower limit for separation of their 
ancestnes, inference and dubious evidence suggest a time on the 
order of twice that figure The phylogenetic sensory diver- 
gence, which IS even more stnking in other modalities, warns us 
to expect practically no homological behavior in the two groups 
As to the historical origins of the tivo kmds of eyes, and of the 
extremely numerous other photoreceptors, the details are for 
ever lost we know that the fossil record will not supply them 
The general course of the history is ne\’crtheless inferable from 
compaiauve anatomy The two mam problems of any such in 
ference, to detennme whether a given stage belongs m a particular 
phylogeny and to determme the direction of change, are here 
comparatively easy It is, for instance, clear that an aggregation 
of simple directional light detectors (proto-omraatidia) belongs 
in the insect and not in the vertebrate phylogeny, and equally 
clear tliat in the vertebrate ant^try evolution of a lens neces 
sanly preceded that of an image resolving retina 

In the case of the vertebrate car, next most compheated among 
special sense organs, the evolutionary changes of gross anatomy 
in later stages of the history are well documented by fossils Part 
of the apparatus is (usually) bony, and the form of the rest, 
excluding only the comparatively unimportant mammalian pmna, 
15 closely followed by surroundmg hard parts, which readily fos 
silize 

With all the divergences and retrogressions (in parasites, for 
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example), it is evident enough that there has been an average in 
crease in the numbers of different kinds of sensory iiifomiation 
received and likewise in perceptual discrimination and patterning 
within each kind The tendenaes culminate, sepatatel). in the 
dominant groups of terrestnal animals insects and tetrapods 
(especially birds and mammals) 

Effectors are for the most part, although by no means exclusively, 
separately movable parts of the body Where they are most 
elaborated, which is again in the insects (or arthropods genera Irf 
and the vertebrates, specialired muscles, often 
the 'behavioral muscles," move skeletal 
and lack of homological behavior betsseen imecls 
are again illustrated for the external 
apparLs of an insect obviously had a 

internal skeleton^ex.emal muscle “ ''"trcellent 

the historical evidence, especially 

The behavioral muscles, themselscs > P . ~ncially 

hut attachments of 

leave definite marks Moteoser, the skeleton it 

be restored without undue gues , forinstance 

self usually determines the diiKUon^^^^^^^^ 

the evolution of locomotion I vji,iy ibe most interesting 
in great detail (^’[’'"■^'^^rln^U^lnt of effector system, 
single example o the cr ^ 

in behas loral evolution u and As is) 

the details are becoming clear ( meclnniims abose 

What were, for breiity, ca and they seem both 

do a great deal more ‘han "ler ^ implicated in the 

literally and " 5 “”"' ' S' ' ,^„„eplon and effectors imponant 

evolution of behavior than the P prosiding the 

and fascinating m lesponse) reaclion of pS) 

hyphen in the < „mbine and formalue s.imuh, 

chology They also organiic, r„™a„„n receited 


Dine , 

t information receited as past 
consert them into peisei'' . jj, adaptise directions 

stimuli, pattern ^o>P°'’”,"h”.or, and in general coordinate 
program sueccssise items o among the mediators in thi 

^11 Z aetitities of the ” emi ' but the leas, strue 

extended sense the most completely S 

. „ jimoJi tl‘c mioAtA frw* 

I Ther nxrvin i«l *“« •» *® ^ 
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tured above the molecular Ie\el, arc diemical In their most 
specialized forms (which, once again, culminate separately m 
arthropods and \ertebrates) they are spenfic hormones some of 
which are compounded locally m endocrine glands The elabora 
tion reached at this level is exemplified in mammals in the sequence 
of nerve impulses from the hypothalamus, leading to secretion 
of gonadotrophic hormones m the pituitary, which stimulate 
secretion of androgens in the testis, which somehow release or 
trigger development of male sex characters and associated be 
havior (Beach) 

Hormones, and numerous other biochemical factors, put the 
organism in states appropnate for certain types of behavior and 
ma) initiate or tngger the behavior, but they do not pattern or 
more immediately control the speafic forms of response, which 
are so enormously di\erse among different animals (Beach) In 
virtually all animals except protozoans ® and sponges the most 
important mediator-coordmator-ctc is of course the nervous 
system, whether diffuse (retiform, eg in coelenterates), partly 
centralized m cords with more or less formation of small ganglia 
(eg man) worms), or strongly centralized and differentiated, 
with a brain or large brainitke ganglia (eg vertebrates, insects) 
That sequence is not demonstrably histoncal, but it unquestion 
ably has occurred often, independently, in numerous phylogenies 
(Bullock) 

The nervous sptem, the central nervous system, and the brain, 
at the levels where these severally occur, are by Ear the most in 
tncaie parts of the behavioral mechanism It has, especially for 
the \ertebTale brain, been generally assumed that this is the 
limiting factor in the evolution of behavior, that evolutionary 
progression in behavior must be accompanied by and cannot 
proceed either slower or &ster than correlated changes m the 
brain There is good authority for that view (Sperry), but the 
point IS disputable and ibis symposium includes conflicting 
opinions in different sections Harlow maintains, in effect, that 
the neural apparatus is commonly capable of mediating more 
complex or advanced behavior than actually occurs As evidence 
he cites experimental learning from worms to apes that does not 
occur in nature and that could not, in his opinion, be of the 
slightest utility to the animal if it did occur In discussion at the 

* And eren »ome protozoam bare amduoxTC tracts that axe Juvcuoral equivalents 
and just posnblf the pnmiuve hotnolos'^es of nerves 
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conferences it ivas agreed that norms rarely encounter T mazes 
in their native heaths, but it nas argued that learning— even 
such very slow leaming-to choose the more rewarding of two 
directions is a part, and a useful part of earthworm exutence 
Similarly for the primate examples the things learned in cap 
tivity hate no close counterparts in nature but the demonstrat 
capacities for learned discrimination would seem to high y 
usLl there On the opposite side Washburn and Avis sugg«t 
in a specific instance that change in behavior 1=^ 
in the^ brain their hypothesis is that adoption of tools by crva 
tures rvith ape sited bL^ns (ef the australopithecines) 
h ugh the 'mplicit action of sltong “ e F mTy 

of liuLn size The eridence is ^ 

Mayr discusses the rela.ed „„ 

change precedes He concludes that 

comttants in the nervous system) ^ 

there is no geuenil answer to the quesuon 
be analyzed separately ^ diiergent 

The brains of recent h ^ 

rather than sequenti^ m manyjc p^^ ^ phylogenetic pro- 

show different degrees of a p„bram) This is confirmed m 

gression can be inferred (R hisloncal evidence 

major outline although not „£ the ranuhed 

of fossils in which some of ihe c 

brain can be determined from tb phylogenetic 

which It was lodged (Pane ) ungulate mammals for m 
arrangement of the brains o . bom of eohippus 

stance turns out to be grossly ungulate 

was radically unlike a ge jj, and was quite like that of 
brain as inferred .^'“"“"^^^able f°-'= O'- l 

an opossum Nevertheless the a ^ genetalired 

invahdate the usual picture from rccc 
sequence 

\enon «»» .a ,he f«ond tonference Tlie 

3 Although a by *L)^ rw.ns« *1«> »>« «" 

volume rhks subject and “'“"y. ^huger T .9*!>- ^ * 
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The most stnUng single change m pss anatomy “ ^ 
s.on oE the upper and medial pans o£ the cerebrum, tlie so^lled 
neopallium. beginning among reptiles but most „ 

twe^ pnmitive and adsanced mammals Changes -n overall 
behavior cenainly accompanied this change (and othersl) m the 
brain The usual conclusion is that the neopallium is particularly 
involved wath newer and ' higher" intellectual functions, flexi 
bilitv and elaboration of reactions, complex learning, reasoning, 
and so on. while the rest of the brain, phylogenelically older, is 
concerned with more instinctual, simpler, more rigid, or generally 
more primitive parts oE behavior In this symposium Freedman and 
Roe. among others, have understandably accepted the consensus 


on this poinL 

Pnbram has here entered an emphatic dissenu The brain has 
not e^oUed by simple accretion but by general remodeling, a con 
elusion that is, even a pnon, practically inescapable It is simply 
incredible that so complexly coordinated an organ could continue 
to function as smoothly as it docs by, so to speak, simply plugging 
in new parts on the old chassis* Pnbram denies that there is a 
relationship betvseen neopallium and learning, paleo- and archipal 
hum and instinct He finds a more significant functional separa 
tion between the inner core of the brain, concerned w ith behav lor 
sequences, and an outer part, related to discnmination Both 
inner and outer divisions have both old and new stuaural ele 
ments Behavioral progression in the vertebrate senes, reflected 
m the remodeling of the brain, is believed to involve increase not 
in extent of repertory or m the ratio of learned to innate behav lor 
but rather in multiple sensory and motiv’ational determination 
of responses Establishment of the relationship betw een brain archi 
lecture and behavior demands new taxonomies of behavior, wiih 
categones that v\ould be testable anatomically in place of earlier 
categones (such as ‘ learned’ and ‘ innate *) which seem, in this 
connection, to have failed The approach cannot be quite as simple 
as all that, and Pnbram plainly knows that it is not, but here is 
an exciting program for new approaches to old problems' 


4 Ol cmirse the nor bmn old brain didiotomms are not reallf so nai^e- 
Changing behanor {in which the dtreetton of change may ha^e been mistaken) i* 
reasonably supposed to be correlated with the most obviously changing part of the 
brain without at all excluding the idea the other parts of the brain also and 
necessarily have changed in acoonusodauon to the “accreted” structure and be 
bavior 
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"" see 

e ^aally Nisjen both subjects ate mentioned again below) 
here ts a fairly clear distincnon bciiveen the functional proper 
»es o elements m a system (physiology) and the number and 
amngement or architecture of those elements (anatomy) Bulloch 
s oivs that aJf neurophystofogical properties hnoivn in the vene 
rates (including man) also occur widely among invertebrates 
including many ivith behavior radically different from and re 
marhably simpler than any vertebrates behavior The differences 
in behavior must therefore cither be purely architectural or use 
now quite unhnown neurophysiological mechanisms— or else in 
volve something called mind that is not amenable to any such 
naturalistic explanations As a matter of sheer faith Bullock re 
jects the dualistic or mystical tliird alternative but he is highly 
dubious about the first and apparently pessimistic about progress 
toivard discovering the postulated nesv parameters of the second 
aliemaiive Perhaps this too is a profession of faith but many of 
us will agree svith McCulloch (cued by Bulloch) and with Sperry * 
(herein) that ifie hnoivn neurological parameters arc more than 
adequate to account for any conceivable complication of behavior 
merely by architectural modification of finite numbers of neurons 
A perhaps oversimple but probably valid analogy is that given 
contractile units and jointed skeletal elemenis no conceivable 
motion would require new ph)^iologicaI properties but only 
multiplication and arrangement of those given A further pertinent 
(and fascinating) observation by Bulloch would seem to go far 
m countering his own skepticism the typical synapse m Integra 
live systems [is no longer considered to be} a digital device ex 
clusively but rather a complex analog device which finally 
converts into digital output and even the output of many neurons 
may be a graded event The potentialities of a device thai is both 
digital and analog that has millions o( units and that can be 
interconnected in more millioru of ways stagger the imagination 
— mine at leastl 

Consonant with Bullocks conclusion as to the great antiquity 
and generality of (Inoivnl) neurophynological properties is Har 

5 Sperry fi.r » pro »e a»»bi “ >» I 

.trari m (Mrarr-thr .ppeeraate ci ibe «bole Iragnot r priaply Ir • r »ple m. rrr 
of muIUpI cation 
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, .I„r nrrmerties involved in learning, or that the 
lows argument that P™P" jeaniing itself and have never 

Tnid tfemeZusi;.n the coune of many phylogen.^ It see.« 
Sm, and now in full agreement with the -thor e. ted. that the 
principles of the mechanism need not become d t 
Lchanism becomes structurally more complex able^^^^ 

cope svith a wider range of anivities That , ,he 

,n learning and other behavior, has indeed tended to widen 
total coune of the history of organisms, and in ^ d 

phylogenies seems to be not only the consensus =>>*° 
reasonable doubt As regards particular segments °f P^?^ ^ 

the generalization may not apply Pnbram believe that them n 
no complication in behavioral repertory from fish to 
(as exemplified by recent organisms) Probably there is a semantic 
question here as to what one wishes to call an incr^c 
plexity of total behavior repertoire ’ Harlow suggests (for learn g. 
again) Uiat from the Devonian when they had a common 
into the late Creuceous, when fishes reached approximate y 
their present status, the mote progressive fishes and 
(amphibians reptiles mammals) may both have independen y 
increased their behavioral capacities in their respective spheres 
Then m the late Cretaceous it v\ould be true to say there vs’as no 
increase as between (contemporaneous) fishes and tetrapods, n 
the statement v\ould not be true of cither group historically or 
phylogenetically There is m this discussion a grasp of the distinc 
tion between comparative studies of contemporaneous forms an 
hisioncal studies of phylogenetic senes that has hitherto been 
lacking in comparative psychology and that may serve as a mode 
Returning to the previous point 1 may add that because fishes 
have changed very little structurally (including brain structure) 
since the late Cretaceous and because mammals have change 
a great deal (especially in brain structure) it stretches credulity 
to believe that it is still true of contemporaneous recent forms 
that they are level as to complication of behavioral repertory 
It IS tempting here to go into the subject of p ogress (not on y 

6 Of coune Pnbram does not mainUin lhai ihcre ii no difference now or n® 
progrcsiion hutoncally in Uie ran^ of Iiehavior m fishe* and mammal*. He o 
ar^cs for a diSercni caiegonzaiion of the evident differences and changes 



BEHAVIOR AND EVOLUTION 5*5 

progression) in evolution, bnt the temptation mil be resisted 
except for this short paragraph Huxley has discussed the subject 
in this symposium, and at greater length m well knoivn earlier 
publications Here the context is cultural evolution, but the con 
cept IS given as equally applicable to biological evolution in 
general All the authors m this symposium seem to accept-at lemt 
none explicitly denies-that progress has occurred in the evolution 
of behavior, as seen over the total histoty. perhaps "O'' » 
phylum and now in another, checked ” 

m Lhers, and yet with an upward trend through a sene of apextu 
The concept of evolutionaty progr^ may JPP'J 
fully to the evolution of certain of they 

Whether a leg is better than a fin depends on «^e they «e^b 

there is no doubt that an eye is in ‘ , „ervous system 

sense better than a pigment spot and a central neiv y 

better than a nerve net 
Kinds of Behavior 

Early in the confetences it svas ’ Anunated 

what we were talking about ^ „„ consensus but gave 

discussion produced i^^^e the subject undefined 

the impression that it might be . by definition and if 

Then nothing pertinent would be f ^ 

anything not plainly "'P' 

the synthesis ' . ,[ • behavior ’ itself 

It svas and is nevertheless j taxonomy of be- 
ts left undefined there is impemt distinguishable 

haviots, including, „l,lero is discussed by Nissen. 

categories of behavior P^„,jn,cnts of behavior, such 

who remarks that neither t ' broad concepts such as inte 
as the extension of a limb. fbere is a 

ligence. are useful taxonomic ^,,,,dy „ith the 

(analogous to „”ics but with the pr.ncipl« 

operations and categoriB of sjuK biological mem 

b^ which those are ‘^^'^^J^jcauon are considered ana.omi 

taxonomy various bases fo 6 a,ii„,ilm ot -lifc" b ®''r “ 

, II ..»,l..ly appmi^ “■ 

be more hindrance than ^ „ b«g«nning: ttudeno 

definitions are commonly given w 

pays little attenuon to the® 
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r,l resemblance ecological association, phylogeny, behavior, and 
oLnSn front ceftain special applications, one enmnon is 
generally adopted phylogeny I" 

fr^igious fat o£ overlooking the tact that ignorance here stdl 
LceeS knowledge) phylogeny permits the biological classifica 
“orofany and l^{ by a single k.n, of --go™ 

in a system that is so to speak, umdimensional or has a single 
aiiis o£ companson. that o£ phylogenetic affinity » 
calk lor a taxonomy o£ behavior with categories testably related 
to the properties and architecture of the nervous system, he is m 
effect suggesting a umdimensional system The suggestion , 
however, more general than explicit, and even i£ a complete s^ 
tem o£ that sort proves to be possible, it evidently is not practica 
ble at present. 

Nissen suggests as basis lor a metataxonomy (not the direct 
categorization ol behaviors but the categorization ol possible cate 
gorizations) this frameisork 

A Functional or finalistic (i c adapuve, according to the cnos 
served by, or the biological utility of kinds of behavior] 

B Descnptive [i e by comparisons and by identification of com 


mon formal elements] 

C Explanatory 

1 Phylogenetic [or more broadly, histoncal] 

2 By physical substrates 

3 By operational pnnaples models, clc- 

Pnbram’s proposal corresponds ivith C 2 There is abo a degree 
of correspondence with the kinds of scientific explanation dis 
cussed by Pillendngh 

1 Functonal — by the end served Nissen s A, which although 
he contrasts it with explanatory categories seems clearly to be an 
explanatory category 

2 Histoncal — by hov. observed properties were acquired- Nis- 
sen s C 1 

3 Causal or, preferably, physiological — ^by the working of the 
system studied Nis 5 en 5 C 2 

Nissen s B involves a behavioral taxonomy analogous to the old 
typological taxonomy of comparative anatomy That was an es- 
sential but pnmitive stage in the development of biological sys- 


8 Ol coune pbylogtny tuell u »n znotber leme maluduncmionil, but the tena 
u there in a diCerent onivene of discoune 
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tcmatics, and it was outgrown and abandoned precisely became 
It has no directly eaplanatoty element (Mayr) Perhaps a typolog 
iral and purely descriptiie stage in the |axouomy of behauor 
unavoidable, but one can predict that only some form of eaplana 

would again remark Uiat P“[' „[ bcmg holh valu 

abstracted or broadly J j , otufactory haul 

able and necessary in itself, is not lit y 

for a classificatory system „„ „ noiv necessary or 

Regardless of whether a P^^^ txpbnatory aaes be ad 
desirable and even if only the at least the classiG 

muted, the point is made * ^i,; mote than one axis 

cation of behavior seems ^?a^d hence to be multi 

(morethanonecategoiy ofcate^r t complex, and no 

dimensional The problem u (|^),jvior is, in fact, attempted 

general or complete of behas tor are pte 

Examples of foctaTbehaitor rThompso^. 

sented mating behavior (Sp )• cimification but tm 

and territoriality (Carpenter. j ty) The metacaleporT 

phcit in his list of functions ” 'X 'n., ti„j Spieth. claui 
of mating behavior is of meal behavior is 

fication IS descriptive The me ^ult.dimemional 

descriptive, and Thompsons descriptive (or in Sm 

The metacategory '"IcTof C 5) and Carpenter, biim, 

scnssjstemabsiracicdio tco 

IS functional (A) categor*®"®" ^^aiKanccd 

Still another ^vew'"^ 

fonnal or dcsCTipt*' ^ and ) diuinr 

as a hkely bans for the Brs. eba^er, a dmm^^ 

own way. is b, ''^^’“rfirs.e.rder or "“'f^feo^Fund 

lion may li= ^Colbert) and To thf**: 

(example locomotion and Tmbcri^tn) 

behavior (example couruhip ^^e — lsOeov.n»- 


by >tiyT and 
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may be added a third level of compounding or of ^ 

yond the simple unitary movements: from social to cultural be 
lavior (examples especially in Huxley. Freedman and Roe. Mead)^ 
These levels are further related to increasing aggregation ot tn 
behaving organisms and to behavioral organization of their popu- 
lations. First order behavior includes the units that are w 
structed into behavior at all levels, but those units are the actions 
of individuals. Second order behavior is commonly a mutual pat- 
terning between or among interacting individuals: predator an 
prey (Colbert, Bates), mating couple (Hinde and Tinbergen), 
mates and rivals (Carpenter), and others. In third-order behavior 
a whole group behaves characteristically as such and over more 
sustained periods of time. Of course the levels are not clear-cut. 
Territoriality (Carpenter), for insunce, involves for the most part 
second-order behavior, but it also frequently tends to structure a 
broader group and to merge into third order behavior. Indee , 
third-order behavior is characteristically compounded from more 


temporary, interindividual reactions (Thompson). 

When most strongly developed, behavior here called third-order 
has an “emergent" aspect. That is, the behavior of the group has 
characteristics that are not evidently predictable from individual 
behavion; the group as a whole becomes a behaving (and evolv- 
ing) unit.*® Emenon has elaborately and fascinatingly exemplified 
this aspect of behavior in the social insects, especially the termites. 
Among the most remarkable things about this example is the fact 
that termites make artifacts, their nests, which are manifestations 
of unitary group behavior. The evolution of that behavior can be 
studied morphologically, and many of the principles of evolution 
of anatomical morphology are here analogically applicable. 

Aspects of behavioral evolution in the supreme artifact pro- 
ducer can also be followed historically, m the archeological rec- 
ord of human artifacts (Washburn and Avis), and comparatively 
among existing cultures (Mead). Culture, so characteristic of 


lo. We may go to far without admitting that group behavior is other or more than 
the summation of the behavior of the included individuals which it teems (to nic) 
quite obviously to be Individuals in a group do not act as they would if isolated—* 
hence the “emergent" characiensiics— but in any case there o no such thing m 
isolated individuaL A close kmc and highly organized group does, through summa- 
tion, act as a unit of higher than individual order. To call such a group a "lupram* 
dividual," as Emerson does, is a matter of personal definition and nomenclature, but 
It does bnng up problems of semantics, concepts, and implications that have been 
hotly debated There is no need to debate them again here 
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man but confined to man only by definition 
complexity, seems to be both a culmination of third^rder be 
havior and an emetgence of still another order In h' 
aspect, culture is a biological adaptation, and cultural erolution 
IS a contmnatton of biological evolution by other “ 

ample of the quite common evolutionary maneuien of subsutu 
° j . .cm /Hf>Ylev lareeW by iinpUcaiion here, more 

tion and opportunism (Huxley is y^P 

“Cirro:fa^»(:r:;ns:ofW^^^^ 

mltd^ objects and s^bols 

‘^The achievement of ‘"hemll 

which IS so to speak “P absolut^^^ 

present lo.ver orders gives human behav or b, a truism, 

nature and complexity That ts so o 

even tf ive agree luth prehuman an 

gradually achteved and steadtly S principle 

cestors and that nothing .molves mental abilities nidi 

rvas suddenly added "'•.etheMto.m^;« “ 
mentary or absent tn other Jgejnilion of abilities and 
sky, cited by Harlou) is a anamly somertmg 

perhaps not worth debating m and nas once, even 

about our abilities end bebaviom d , 

if not suddenly, newl „ and changing trends into 

projection of biological ■"’'"‘‘Xiral milieus and that the nch 
Lwly elaborated and ehaup g and new. of deep 

result IS not without lupena^ ^„„„nil controls 

seated biological also ambiralent and anxious 

makes man not only sapiens but a 

cance ue BEHAVloa 

The DIOEOOICAE Sionifi ar^aniied 

Organisms are so «^”:n:y ^bjxiolo^. and ^havior 
Variable as they may characteristic and co p 

of any species ^"“Xrtber Feh"“">'''P ^ maniS and 

Organization impii« something else i n ^ 

onT If Uiis IS with r oqjaniraunn of Hc« o 

“rr:;^'v'he;h;«.P"p— 
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The almost mcomparably more “ntplex organtetion o£ a Iking 
thine is, for the most part, utilitarian; it is with tmp'c 
meMness to the individual or to a population of 
vidual is a member. It serves an end. and in that sense is 
(NissenV it has a purpose, and in that sense is teleological (Pit 
[Idrigh). The virds "finalistic" and "teleologirar have, how- 
ever, had an unfortunate history in philosophy which makes them 
touUy unsuitable for use in modem biology. They have too o e 
been used to mean that evolution as a whole has a predetermu^ 
goal, or that the utility of organization in general is tvith respect 
to man or to some supernal scheme of things. Thus ^ese ter^ 
may implicitly negate rather than express the biological conclu- 
sion that organization in organisms is with respect to utility to 
ffifh separate species at the time when it occurs, and not wu 
respect to any other species or any future time. In emphasis o 
this point of view, Pittendrigh here suggests that the new coinage 
"teleonomy" be substituted for the debased currency of teleology- 
^Vhat is useful to an organism is adaptation, an almost tauto- 
logical statement in spite of the feet that "adaptation" is an 
biguous word, as Pittendrigh has carefully explained. Biological 
organization is therefore relative to adaptation. Pittendrigh goes 
on to point out that adaptation is not reciprocal benveen organ- 
ism and environment; the organism is adapted to the environment 
and not vice versa. So far, and beyond possible quibbles as to the 
wording, I agree, but not so entirely when he goes on to say that 
"The word ‘adaptation’ should be restrirted to discussion and 
description of the organism,” and especially not when he equates 
organization with adaptation. No more satisfactory is the frequent 
opposite attitude (e.g. in Nissen here) that because what is adapted 
to is the environment (broadly speaking) adaptation is basically 
controlled by or uniquely relative to the environment. Adaptation 
is a relationship betiveen organisms and environments (Pitten- 
drigh’s definition i) or the processes mediating that relationship 
(Pittendrigh’s 3 and 4) or the result of those processes in the or- 
ganism (Pitiendrigh’s 2). A relationship betw'cen two things (or- 
ganism, environment) is not to be confused with either one of 
those things nor usefully discussed in terms of only one of them. 
Only in the last (in Pittendrigh's list the second) and most limited 
of the meanings of "adaptation” can it be said that organization 
is adaptation, or adaptation organization, and then only with 
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Strong reservations A few extremists dissent, but most evolution 
ists agree that organisms may or frequently do have nonadaptise 
characteristics that nevertheless enter into their organiation 
Such important niceties aside, there is no remonab e denying 
of Pittendrigh s conclusion that organiration is basically adaptive 

’“Sired as an element in 

IS of course dependent on pLiological) It has, 

aspects of adaptive organization (an j „ pKU 

nevertheless, certain greater or e ,y,monlv the actual means 
liar interest m this connection It is commonly the 

o£ interaction between physical organ i relationship that is 

hence the d.rect and vtsible X of 

adaptation Sue, biU, tongue, g p.ttcndnghs sense s) to 
hummingbirds are all ^ adaptation (seme l) 

nectar feeding That this hchasior of die bird So too 

exists IS manifest tn, ^'iJi'hm^ of a eat s teeth, 

o£ the adaptive organitation ..h.^onns digestion and of m 

of a whales respiration of ^ c ^/,^„„ders mind 

numerable other examples that s invariably) unulual 

Behavior is also ""'"’“'/..fdiJnnanou and m .he length 
in the complexity of us g i^niccn that delctmination an 

and .ntricacy of the nnd next s-t.on of this 

the actual behavior (^1“” factors such as ■n-''''"*"' 

chapter) These and other onj^ ,rcniendouil> to the 

expmieL (eg ^^e of adaplanon nehavim u 

ramifications of behavior in the ® 

usually more ""^Lds Some b.ologuts flight qmb- 

the mechanisms on „^gb.td structure to ad-^u _ 

hie as to .nference - hum^^^^^^ »5 f ■'ir lhrhud . ” 1 . 


as to wheUier the ^.-ility of that term - 

no one can den, die V^ 'Jibat the beha. im .• 
has.or w.th a 11°"''^ of behavior 

Nevertheless, the ra . or “‘‘^P"'’'' , pcculianuci 

Items not obviously S° , ^ nanifold and purrhng pecu 

Tinbergen sexposuion of the «■ 
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oE uttiwake behavior that are finally found all to reduce to one 

adaptive basis, the nesting site. in 

Behavior may be just as stereotyped as structure-perhaps in 
some instances even more so-both in the individual =>nd among 
individuals of one population. Nevertheless the possibiht 
behavioral variation are enormous and have important coro 
for adaptation. Learning is a means of individual adaptation ( i^* 
tendrigh’s 3) markedly more flexible than somatic modification. 
Genetical variation of behavior in populations also unquetion- 
ably occurs and is a basis for adaptation (Pittendrigh s 4) in ^ ^ 
same way as somatic genetical variation. Whether behavior is on 
a special footing in this respect is not at all clear, but 
pan's suggestion that behavioral genetic variability may itself e 
an adaptation favored by selection, for instance in mammals. 

There is a distinction, highly pertinent to the study of behavior, 
between immediate and long-range adaptation (Huxley). Imme- 
diate adaptation tends to be narrower (more specific in its cor- 
relation with environmental factors) and less variable. Long-range 
adaptation must be maintained in the face of extremes of environ- 
mental fluctuation and of inevitable evolution of the environinent 
itself. (“Environment” of course includes all biotic associations 
and not only physical factors.) It therefore tends to be broader 
(less specific) and more variable. An enduring species must 01 
course be successful not only at each immediate point but also 
over its whole range in time, and so the opposing tendencies must 
somehow balance. The balance sometimes inclines one way and 
sometimes the other, but it ahvays involves some measure of what 
may be called adaptive comprombe. The balance b never at the 
extreme of complete adaptation of a whole population to a single 
state of the environment: there are no genetically or behaviorally 
homogeneous species in nature Here again behavior, espeaally 
learned behavior, has peculiar adaptive significance. It may be, and 
indeed generally b, highly specific in adaptation to an immediate 


ti. The objection may be made that learning and individual somatic modification 
liave no evoluuonary significance unless one accepts (as I and almost all 
modern evolunonisu most deadedly do not) neo Lamarckian inhenunce of acquired 
chancien The apparatuses for teaming and lor somauc modification, detennming 
the ranges and kinds of possible learning and modification, are genetically oio 
trolled, hence heritable and subjea to adaptive evolution under the influence of 
natural selecuon Moreover some learning u hcriuble, passed on by example or 
symbol from generation to geneiauon. and unquesuonably can come to influence 
evolution, even genetical change, although lu ongioal variations were nongeneue- 
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That IS the functional explanation of niche specificity ° 
Its result the multipliaty and diversity of kinds 
The histoncal explanation u adapuve radiation the tende cy 
for animals as a vihole and any successful group of animals in 
particular to expand in the course of their evolution and to d 
verge in separate lineages, each developing characteristic overall 
adaptation and all collectively occupying svhatever niches are 
available to the group The radiation, like the resultant nicti 
specificity, IS oE course fundamentally behavioral although usua y 
studied by means of the structural substrates of behavior (Co 


UCit; If 

For radiation to occur and for niche specificity to result, 
population must be broken up, for no matter hoiv variable it may 
be and how many niches it may spread through these cannot 
othenvise be parceled out and become literally niche specific The 
nexus that prevents significant divergence (in the usual biparenta 
species) IS interbreeding, with its constant cancehng of inapjc^t 
genetic divergence, feeding it back into the general stock of the 
population The isolating mechanisms that lessen and finally stop 
interbreeding beti\een segments of what was once a single popu 
lation do not seem to be predominantly behavioral, but behavior 
commonly becomes imohed m them sooner or later and it may 
take over the main role when other mechanisms are weak (Spieth) 
Specific differences in behavior here have quite different biologi 
cal significance from those involved in niche specifiaty They are 
not developing or consolidatmg neiv divergent adaptations They 
are making such adaputions genetically possible by creating an 
isolate in which they can arise and persist Hmde and Tinbergen 
point out that as a rule behaviors tend to be more alike in more 
closely related animals, that is, speaes that have diverged least 
phylogenelically also have divci^ed least in their behavior, as one 
would probably expect But courtship behavior is exceptional 
It may be strongly divergent in related and otherwise similarly 
behaving species In such cases courtship behavior is an isolating 
mechanism and a prerequisite for ecological adaptive div ergence 
The obsenr’ation that similarity of behaviors tends like struc 
tural similarity, to be proportional to phylogenetic affinity gi''^ 


1* Another fietcr tn the total diTemty of organums u geographtc, for groop* 
geographically leparated may essenually dnplicate each other ecologicallT 
howerer is only indirectly related to the erolation of behanor 
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behavior further biological signiHcance and ^ 

temat.cs It may be used (with cerum precautions bncHy noted 
later m this chapter) as evidence on existing 
netic relationship It thus adds importantly to 
anatomical, physiological, and other, 

when other evidence is X" S fne’^oietm 

striking examples, and I can both 

petsonal experience Rheas a J^ly m that tinamous 

long isolated m Sou* Amer.«. flight 

fly and have a audiorities have commonly con 

quite absent m rheas There ,„tb 

sidered the mo groups as un tinamous do share 

the ostriches On the other elsewhere, that 

some anatomical peculiarities, m are related and 

have caused other ‘"m o^.ch J As observed m 

that rheas are not so closely behavior,” apart 

the field rheas and difference in sue and the 

from the ph,logene..«lly ™ oorly), that the con 

fact that tinamous do fly (reiuctauuj r 
elusion that they are an^ 

Systematics, dealing with , j„d classification, among 

versity and hence also with P^''' ^ which comparative 

outer things, is one of .he “XYvo b, Mayr and others 

behavior is most deeply byiogeny and classification, as 

m this symposium Not J X behavior, behavioral uolaung 

just noted but also m ,u„ and compaml.ve p^ 

Inechanisms, and «Xcom„„n ptoblems .hat neither spe 
chologuts have innume 
cialty can solve alone 

The Ontooeny of butorieal series of events, 

-1, the life his ^ on the 


loodh.blUVve*I>P”“ 
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tions Thus hutoiical explanation m biology “"“f “ 

matenal unit Functional { teleonomic’ ) 

nlanation must also take account of ontogeny, because adaptatio 
of the individual must apply to the whole 
smgle phase or instant, and physiological 
must function continuously in varying ways 

The study of ontogeny logically begins with genetics, the n 
formational aspect of the material derived from a J 

allYl the two parents and becoming a new individual Some organ 
ization, and therefore some information m the genetic sense, 
always present m the parental-mostly the matenal when that 
distinction exists^toplasm It is. however, well knoivn that th 
most specific organiiation of the new individual and much tn 
greatest part of the information required for its subsequent d 
velopment are m the nucleus, and there almost entirely wit i 
the chromosomes It is equally familiar that the informationa 
content of a chromosome is m its longitudinally differentiate 
organizauon and that the experimentally unreduced units of the 
linear sequence are operationally defined as genes Genes arc 
cific in their effects, the primary action of a gene is believed to be 
control (probably even so through intermediate steps) of produc 
tion and activity of a particular enzyme in the cell The enzymes 
in turn affect differentiation in development and metabolism 
throughout life, and those activities determine or modify tissue 
and organ development, hence anatomical structure and physio- 
logical function, and so ultimately behavior (Caspan, Sperry ) 
The classical, * Mcndehzing ’ gene includes among its (often 
quite remote) effects one readily observable phenotypic charac 
teristic However, the (probably) single, specific primary chemica 
actnity of a gene becomes involved in intricate, long, chain, cir 
cular, and branching reactions and^ihe ultimate phenotypic effects 
are usually multiple i c pleiotropic — perhaps invariably so m 
multicellular organisms and abo\e the level of enzyme produc 
tion On the same basis and at the same levels, it is virtually im 
possible that a phenotypic character should be wholly determined 
b> a single gene there is ah>rays gene interaction, and the somatic 
organization as a whole is not a mosaic of separate gene correlates 
but a reflection of the gcnjc<hromosomal organization as a whole 
Some genes modify or buffer the effects of others, whole series 
of genes (pol)gcnes) act additivcly and without evident single* 
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gene dominance on some characteis. different fonrn alleles o£ 
genes are commonly present on the two chromosomes o! a homol 
ogous pair and their joint action may be different from or in some 
respect supenor (heterotic) to. the effects of paired identical alleles 

^*^u'’rlirly obvious that genetic control of 
nisnu-recepton, integrators, effectors-must 
Experimental mutants with noiifonctioning e,e^ 
orL of wings necessarily behave differently ^ 
type relatives These artificial examples arc OTde 
With the genetic situation in natural popu 

similar behavior correlated sttuctum. ^ r^^ued 

cur in various species ^ pleioitopic effecu on 

by some structural character Erequ y erene-labchng 

bihavior, cEten with no c^v-ous relationship 

structural characters Thus sing ^ ^ mating or such 

been seen to influence such s^ci c Selective breed 

diffuse behavioral traits as emotionality has been 

mg for such l^mme as distmeme m bcha^^^ 

successful, and inbred lines may that 

as m morphology Those and re l,ut aUo sugswt that 

behavior is indeed under gene p-ncrally m'olved Genetic 

pleiotropy and polygenic systems a« g bchauor arc 

Lterogrity a^nd -y occur f- 

common and may be highly P all these rclaiionships 

behavior as for other would apptt" ‘o 

the genetic dctemiination of poicntialities. at lean- 

paratively loose or labile m '"“''A„JTmtabdity u “ 

perhaps even unstable (Caspa ) features of e ge- 



opri;;rrr‘;:;:duV.he‘beba.i.^.d--7,-™^ 
d”ce ■ IS. to be sure, neither a p^« d.ffr«"-»'^ 

of genetic function m this t®" jmnial have (uiually) j 

cells of a complex. J. do not product celluUrdd 

cenetic constitution, gc*^cs o ' . /tnrt. thetr aOi« 


lot produce , 
pnerre consrr.uuon gan« ^ .hew 

;^nrorherrr^^^rr.c.ud^^^^^ 

the initial nucleus, m 
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sentially the t.hole set o£ plans for deselopment. 
staffe or all the necessary information implicit in orga 
(Pittendngh) Sperry points out that, of all the charactemt.cs of 
in organism, its behavior is likely to be furthest removed from he 
direcTaction of the genes, and he concludes that 'he ^ble 
patterns of causal sequence by which a gene 

a change in behavior ate, for practical purposes, almost infinitely 

^DCTelopment of the peripheral organs of behavior 
and effecton) is concomitant iMth that of their nerves an o 
central nervous system (where one ciosts) The compl«ity o 
central nervous system is so great, and its role m mediation ana 
coordination so literally central, that it is the limiting factor as 
regards both development and evolution of behavior That meam 
in mdividual development that a central nervous system of sum 
cient complexity for coordination of any given level of behavior 
must alrcad> be developed and functional vvhen the behavior be 
gins In evolutionary terms, one of the iraphcauons is that 1^^ 
mg cannot be wholly substituted for pnor organuauon of the 
central nervous system or, if you like, for the insunctual elements 
of behavior, because learning is possible only if a suffiaently com 
plex central nervous system already exists In embryology it ap- 
pears, indeed, that the development of the central nervous system 
is highly speafic from the start. Its architecture is determined 
altogether by heredity, plus whatever nonspecific modifications 
may result from extrinsic environmental v'anations The structure 
IS not visibly modified by the txaming efiect of its ovm operations 
(Sperry) 

Nevertheless animals do learn and the operation of the central 
nervous system w affected by its own past operations, training, or 
experience The answer would necessarily seem to he not in de 
velopment or architecture but in physiological processes, espe- 
cially at the synapses and presumably at molecular and lower 
levels (Bullock) Development sets up a machine with number 
and arrangement of parts ngidiy determined and unchangeable, 
and nevertheless the subsequent working of the machine is alway* 
somewhat flexible and often astonishingly so (The question 
whether the architectural patterns and the known physiological 
properties are suffiaent to account for complexities of behavicnr, 
and the differing viewpoints of Sperry and Bullock on this ques- 
tion, have been mentioned before ) 
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At this point arises the aliiap vexatious “fihe an 

or .Late ’^or unlearned versus learned “ 

thorsinthisboohhaiemention^..^ 

m considerable detail All (unless H«n more or less along 

seem to accept the necessity tor some 3, „ 

the traditional “faXherl onLohen oppos. 
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certainly are two different factors involved. Neither excludes the 
other, but they vary in the nature and extent of their influence 
on given items of behavior. (This paragraph is an individual 
synthesis based on several authors in the symposium, notably 
Pribram, Caspari, Nissen, Harlow, although perhaps not fully ac- 
ceptable to any one of them.) 

In this discussion the phenomena of maturation (mentioned by 
Sperry) are not separately considered because they are in principle 
hardly separable from those of development in general. The onset 
of sexual behavior in mammals (Beach), for instance, is no less 
and no more developmental and genetically correlated for oc- 
curring well after and not before birth, although due allowance 
is required for its occurring under less uniform circumstances and 
at a time when experience has greater influence. In this connec- 
tion, at least passing reference should be made to the many or- 
ganisms in which a young but independent (not merely embryo- 
logical) stage — a larva — has a distinctive morphology, behavior 
pattern, and adaptive niche, all completely transformed in a later, 
generally reproductive, stage (Romcr). (Note, also, the scxalled 
"alternation of generations" in, c.g., coelenterates and the quite 
different phenomenon of haplophase-diplophase alternation some- 
times given the same name in many plants.) In complete meta- 
morphosis, as from caterpillar to butterfly, the later structures 
and behavior do not simply dci'clop from the earlier; the earlier 
breaks down and the later b essentially constructed anew. It seems 
that one and the same genetic system must comprise two complete 
sets of plans and a timer to determine when each shall be usedl 
Thb peculiar situation, which may well have been involved in 
the origin of the vertebrates and hence in our osvn ancestry 
(Romer), offers to the play of evolutionary forces two complete 
behavioral s^’stems rrithin a single genetical lineage. The two may 
evolve together, or differently, or one at the expense of the other. 

Finally, on the topic of ontogeny, the tremendous and (in com- 
parison with other animals) dbpropOTtionale role of experience in 
the ontogeny of human behavior need be no more than mentioned 
at thb point (Freedman and Roe). 

Evolutionary Principles and Behavior 

The widely accepted theories, principles, and generalizations 
about evolution have had three main bases: the hbtorical (palcon- 
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random In the absence of any other factors they will produce 
either no persistent genetic change at all 

ented. nonadaptive changes But, as previously stressed, the or 
ganization that makes living things organisms is 
adaptation Even long before there was any knowledge of the 
actual mechanisms of genetics, naturalists recognized that account 
mg for adaptation is the one central, inescapable problem of bioi 
(Pittendngh) Attempted solutions have ranged from ascribing 
adaptauon to divine fiat (which may be claimed in either evolu 
tionary or nonevolutionary contexts) to denying that adaptation 
does exist in fact Neither of those extremes is admissible m 
science, even as a hypothesis, the first because it is nontestable 
and therefore outside the realm of science, and the second because 
in effect it eliminates its own subject matter (There is no life 
without organization and no organization without adaptation) 
Most biologists now agree that the orienting, nonrandom, anti 
chance process in evolution, the necessary and sufficient require 
ment for adaptation, is natural selection (eg Pittendngh) In 
this acceptance, natural selection is differential reproduction 
greater or less average success in reproduction (no matter how 
slight) IS correlated with genetic factors This correlation auto 
matically and inevitably assures that genetic evolution will be m 
the direction of greater reproductive success There are, indeed, 
immense complexities behind that simple statement Pertinent 
reproductive success is that of the population, not necessanly of 
any individuals, and this end may involve reduction of the repro- 
duction of a certain continuing proportion of individuals Natural 
selection can ivork only with existing external arcumstances and 
with genetic factors actually present and really correlated I'/iih 
reproductive success It may be opposed by (although only m ex 
ceptional cases is it weaker than) random genetic processes Natu 
ral seleaion produces adaptation, but for the most part this is 
not immediate cause and effect The sole functional end of selec 


tion IS reproductive success, adaptation m a broader sense is 
favored by selection only to the extent that such adaptation does 
contnbute to reproductive success 

Relationships betiseen behavior and adaptation in adaptive 
radiation, evolutionary divergence, specific diversity, niche spec 
ificity, and isolating mechanisms ha\e already been mentioned, 
briefly but sufficiently for present purposes So has the fact that 
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It must by now be evident that morphology, physiology, and 
behavior are so inextricably united in functioning- and in evolu 
tion that It IS only to be expected that most of the concepts and 
principles of evolution in general apply to all three aspects When 
suitable discrimination is used, the transfer from, say, morphology 
to behavior need not be merely metaphorical or analogical but 
may be an exemplification of the same principle in a different 
aspect of the same objective matenals, the organisms That could 
be illustrated for many other principles, and indeed it is in earlier 
chapters Here only two or three more can be barely mentioned 
Evolution is opportunistic, it has to make do with what is at hand, 
accumulated through history and under earlier conditions perhaps 
quite irrelevant later Transformation of what already exists is 
simpler and more usual than addition of the wholly new Note 
among other examples Beach on changing targets of hormones 
Hinde and Tinbergen on displacement and emancipation, Pn 
bram on evolution of brain structure, Harlow on evolution of 
learning Evolution is irrevocable, it never wholly returns to an 
earlier state, but neither docs it eliminate all traces of earlier 
states Perhaps the evolution of man (Washburn and Avis), with 
its plain evidence of successive earlier stages but with no con 
ccivable reversion to them, is as good an example as any Sustained 
evolutionary trends are always adaptive they do not continue 
cither steadily or indefinitely but stop, change direction, or are 
reversed with the conditions to which they are adaptive Here I 
find some difficulty in adducing detailed examples ^om previous 
pages, because few really long range behavioral trends are as yet 
documented in detail, but the workings of the principle are rea 
sonably clear in the over all history of vertebrate behavior (Romer) 
or, again, in our immediate ancestry (Washburn and Avis) 

When we turn finally, to the evolution of culture a certain 
extra discrimination must be used in transfemng to this field the 
biologically based principles of evolution Culture is a biological 
adaptation (Huxley) and us ongins, the setting up of the mecha 
msms, must have followed biological evolutionary pnnciples But 
us \'aTiations in histone time and at present are mostly if not en 
tircly within the reaction range of an established mechanism 
There is no definite evidence that these variations are genetically 
controlled (Mead) Therefore the transfer to the study of cultural 
evolution within the species Homo sapiens of principles depend 
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different significance for the child in a hunting or primitive ag 
ncultural culture than it has for the child lyhose parents are rela 
lively tree from comtani preoccupation with food production 
For the human neonate, the primary social bond is with h« 
mother, and it is a basically nutritional and affinitive one Other 
essential survival requirements inv'olvcd m tins relationship m 
elude protection and physical contiguity and affectionate care from 
another human being Spitz (1945) has demonstrated that the ab 
sence of physical touching and exchange of affecting results 
even though all other nants arc satisfied, m markedly increased 
morbidity, marasmas (wasting), and mortality m human infants 
Excessive deprivation of needed subsistence would of course, 
result in death, but relative deprivation, due either to quantities 
insufficient to satisfy tlie physiological demands or to too great a 
separation in time from the rhythmical arousal of the nutritive 
tension’ and the proffered satisfaction, is an almost unavoidable 
accompaniment of human development This has important de 
velopmental consequences for the child Indeed, if food depnva 
tion IS a consistent diaractenstic, as it was imong the hfarquesans. 

It might result m making hunger a significant psychological need 
which becomes part of the institutional structure of that adult 
culture (Linton, 1959) 

In the earliest life experience acquisition is restricted to sym 
biotic relations to the mother The father and siblings may later 
assume a role and finally peers and the larger community become 
the source of acquisition of the nutritive and sustaining objects 
Thus acquisition of the goods of life, once limited to a single 
nutritive process, is generalized 10 clothes, shelter, and other 
properties The liuman capacity for attaching symbolic significance 
to other kinds of human experience applies to these acquisitive 
functions The suckling of mothers milk becomes the nexus of a 
host of component feelings, dnves and symbols, and the later ex 
change of comparable subsistence materials becomes tlie earner of 
a wide variety of psychological needs and satisfactions, far tran 
scending the overt interchange 

Among men. then tlie acquisition of property m the form of 
food, dotlies, bod money, and even persons may transcend in 
psychological significance their utility as physical survival mecha 
nisms Fortunes arc accnmubicd which provide for a number of 
human needs serving quite different ends-whether gregarious, 
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dominant, aggressive, or sexual. Indeed, “conspicuous display" 
(Veblen, 1934) has been postulated as the basic utilization of excess 
goods. This generalization, accurate svithin itself, falls short of 
being inclusive of the full psychological meaning of acquisitive 
behavior; similarly inadequate is the attempt to generalize so- 
cial evolution in such terms as "economic determinism," that is, 
the acquisition of means of sustenance by human social subgroups. 

Not only may the intrinsic nature and quality of the food, cloth- 
ing, or territory itself vary in its psychological significance but the 
methods for acquiring them may be widely dissimilar and merit 
diverse psychological interpretations. For example, a comparative 
analysis of aggressiv'e, sexual, and acquisitive criminals indicates 
that acquisitive behavior may serve as a kind of substitutive action 
for a wide variety of psychological needs, often unrelated to the 
apparent value of the acquired object. Sexual, aggressive, and other 
motives abound (Freedman et al., in preparation). 

An investigation into the psychopathogenfc influences of our 
economic life indicated the importance of acquisitive competition 
as a force in the histories of some neurotic persons. Economic 
competition operated as a pathogenic agency in several ivays. The 
struggle for acquisitive achievement liberated, in some patients, 
feelings of aggressiviiy which rvere poorly withstood. In other cases 
the culturally prescribed standards of success presented goals im- 
possible of achievement, which augmented already existing con- 
flicts. In others, economic life offered a new arena for the enact- 
ment of competitive struggles which had been going on in one 
guise or another since childhood. The psychological correspond- 
enee txisUng between economic insecurity, loss oi love, and loss ol 
self-esteem were illustrated in many cases (Leavy and Freedman, 
1956; Freedman and HolUngshead. 1957). 

We do not know that the ecological structure of human society 
“causes" neurosis or psychosis. We do have evidence however, that 
there are stresses inherent in man’s biological drive toward sub- 
sistence and survival and the social framework in -which he acts 
them out. We have some justification to infer that social evolution 
may involve adaptive stress and that resultant malfunctioning may 
take a heavy psychiatric toll. 

We have stressed certain possible psychopathological concom- 
itants of acquisitive intcrpeisonal relationships. Obviously the 
same might have been done for aggressiviiy or sexuality with far 
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Tichcr clinical e\idence Having referred to the possibly malignant 
aspects of acquisitive interactions we might make note of the sur 
Mval value of this swge of ecological evolution Increase in ef 
ficiency m the production and distribution of food and other 
substances and decrease m expenditure of time in procuring 
means of survival are exoimionary changes not less important 
than the modifications in sexuality and aggrcssivity sve have dis 
cussed These social-evolutionary changes synergistically affect the 
transition from forms whose lues arc spent in dealing wiih their 
physical environment to the man whose freedom from preoccupa 
tion nith the procurement of goods for survival enables him to 
utilize his neural overgrowth for the conceptual leaps svhich make 
liim human — m spue of himself 

G 

Wc base discussed the relatioruhip between the evolution of 
animals and the psychology of man quite deliberately ignoring the 
myriad theoretical substantive and methodological obstacles and 
ha\e e^cheued attempts at historical reconstruction Our evidence 
and our conjectures ha\e touched on the anatomical and social 
predispositions to conflict anxiety and discontinuity between 
cogniute and emotional responses Inter alia we have asked 
wlicihcr such speculation could shed some light on the harrosvmg 
question of svhether having achieved the apotheosis of destructive 
potential man wll use it Lacking prophetic powers sve cannot 
adequately test our hypothesis 

There is nothing m the history of evolution with its countless 
mute reminders of vanished species or in our understanding of the 
human psyche sviih us ubiquitous and deeply buried aggressive 
impulses which warrants denial of such a possibility Yet since 
ftis neohfhrc days tn spite ol his marders and wars his robberies 
and rapes man has become a roan binding and a time binding 
creature He has maintained the biological continuity of his family 
and the social continuity of aggregates of families He has related 
lus own life experiences with the social traditions of those who 
have preceded him and has anuapated those of his progeny He 
has accumulated and transmitted his acquired goods and values 
through his family and through his organizations He has become 
bound to other men by feelings of identity and by shared emotions 
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by ^vhat clinicians call empathy. His sexual nature may yet lead 
him to widening ambits of human afFection, his acquisitive pro- 
pensities to an optimum balance of work and leisure, and his 
aggressive drives to heightened social efficiency through attacks on 
penis common to all men. 
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by what clinicians call empathy. His sexual nature may yet lead 
him to widening ambits of human affection, his acquisitive pro- 
pensities to an optimum balance of svork and leisure, and his 
aggressive drives to heightened social efficiency through attacks on 
perils common to all men. 
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